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General Electric Company of U.S.A:° 
Proven support for proven systems. 










General Electric of USA. 
Medical Systems is the 
leader —not only in Europe 
but throughout the world — 
in computed tomography 
(CT) technology. And, 
matching this capability is our 
in-depth service force... helping to 
maintain optimum clinical performance. 


products and technol cgie 
. Franchised distributor 
maintain service organis: 
tions in six additio 
countries, Parts are stock 
in 44 depots throughout Europe 






With thousands of diagnostic imag 

systems — CT. x-ray, nuclear and ult 
sound —already operating across Europe 
Specifically, more than 350 engineers, General Electric USA. is committed o 
technicians and support personnel service providing the service needed to keep ther à 
our full line of imaging systems from performing efficiently. 
operations in 12 European countries. Each 
specialist is tactory abis de TE investment. One more reason why Genera 
Medical Systems institute and Electric of USA. is a significant 
provided refresher courses At the leading edge and rapidivvdrowina factor 


to keep current with new ofimaging technology. in European health care. 





Service that protects your equipment 


For more facts about diagnostic imaging equipment, visit the General Electric USA. exhibit at the 
international Congress of Radiology in Brussels, June 24 - July 1, or telephone: 


Frankfurt ^M, Tel 06 11.7 60 73 69 * Wien, Tel 24 14 51 @ Brussel Tal 660 2010 © Kopenbagen, Tei 2 86 86 00 © Maitand, Tei. 753 1351.9 
Breda. Tel: 76 22 54 15 S Lissabon, Tei 36 71 55 9 Madre Tei, 282 5100 SGoreborg. Tet. 42 Q9 70 © Zunch, Tei; 47 50 30 


international General Electric Company of New York Ltd., 
Jubilee House, Blyth Road, Hayes, Middlesex. Tel: 01-573 7766. 
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Medicine Communications 


Special Issue of Nuclear Medicine Communications | 
Quality Assurance of Radiopharmaceuticals 


Edited by M Frier arc S R Hesslewood, Adcenbrooke's H ospital 
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ardini soni 1 complications resulting from surgery, drug therapy, endoscopy, 
| adiology of latrogenic Disorders radiology and radiation therapy, High-quality radiographs and 

| selected references that guide the reader to relevant journal 
literature accompany the text, making this a truly unique 
reference work. 


ieu M" M 
, al Togenic Gastr ointestinal This contemporary new series comprehensivelv assesses and 


t eo ye . details the broad spectrum of mechanisms and effects of 
oo -omplications disorders that result from the use of acceptable diagnostic and 
DIM — therapeutic procedures. Radiologic documentation is viewed here 
1 m: as a critical tool to aid in uncovering and/or in confirming the 
Kun diac E ER LEAL RE REL presence and severity of many iatrogenic complications. 
Fon A. Meyers, State University of New York at Each book in this five-volume series contains illustrations to fully 
Brook — — . M | enhance the power of visual instruction. Individual volumes wil! 
*- Gharemani, Evanston Hospital - Northwestern deal with the role of radiologic documentation in iatrogenic 
pum pediatric, thoracic, urologic and skeletal complications, in 
: 81. 507 figures. XIII, 306 pages addition to the volume on gastrointestinal complications 








< Cloth DM 99,50; approx. US $ 47.40 UesenoeH aque 
ISBN 3-540-90505-7 


The dramatic increase in the num ber of modern diagnostic and 
therapeutic methods at the physician's disposal has led to a 
| broader spectrum of iatrogenic disorders affecting the digestive 
‘organs. This timely volume is an unprecedented survey of the 
underlying mechanisms and clinical and radiographic features of 
iatrogenic disorders of the gastrointestinal system. Contributions He idelberg 
by highly respected authorities provide detailed, illustrative 


coverage of the role of radiology in the diagnosis and treatment of N Cw York 


——— 


Springer-Verlag 
Berlin 




















New Shimadzu C.V.S. 


& Angiography System 


The new, versatile MH-10 System is 
designed around a uniquely engi- 
neered "iso-centric" C-arm which 
provides a full range of three- 
dimensional movements. 

Once set the unique C-arm system 
maintains a constant SID (Source- 
Image receptor Distance) that as- 
sures sharp multi-directional cine- 
fluorographic and radiographic 
images. Additionally, the RF-30 Auto- 
matic Collimator can be used to keep 
the irradiation field a constant size 
even when changing the SID or view- 
ing field of the image amplifier. This 
further permits effective fluoroscopy 
and cinefluorography at low X-ray 
dosages. Two OAT stands can be 
used; one for holding the film changer 
(up to 2X magnification) and the 
other to additionally hold the 2- 
directional X-ray assemblies (frontal 
and lateral). A PUCK film changer 
which provides up to 3X magnifi- 


SHIMADZU 


KYOTO JAPAN 


CORPORATION 








cation can also be incorporated. Two 
kinds of catheterization tables can 
be chosen; the KS-40 which is just 
5mm thick and highly impervious 


Rotation argus the support stand: 90° 


Cor 





ii Building, 1-1 


46.554! O 


Shinjuku Mitsi 
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idor! 1. Johanre 


14061 


4000 Dusse 


Phone (0211 elor 


MEDICAL X-RAY SUPPLIES LTD. 


Cottrell Hot 
Phone 01 
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SHIMADZU (Europa) GmbH 


to X-rays, thereby producing radio- 
graphs of excellent contrasts, or the 
KS-40F frameless tabletop for fluor- 
oscopy and cinefluorography. 





* Movement of the image 
amplifier: 300mm 
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INTERNATIONAL MARKETING DIV. 


Nishishinjuku 


2-chome. hhiniuku 
ierseas Telex No 0232-3291! SHMDT J 
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SIEMENS 
















Mobil XR — 

brings a micro- 
processor controlled, 
aseptic mobile 
radiography unit 

to the patient. 


The battery-powered MOBIL XR is self-propelled 
and self-contained with microprocessor controls 
providing full power exposures at 20 kW lime after 
time. The adjustable counter-balance arm anda 
wide range of alphanumerically displayed exposure 
Parameters allow sharp image examination of any 
organ or limb. Aseptic design with touch controls 
and total enclosure fo all components make it ideal 
for theatre use. Infinitely variable speed contro! 
makes it easy to manoeuvre and pull-out cable 
allows simple recharging at any power point. 


For further details or a demonstration contact: 
Siemens Medical Group, Siemens Limited. 
Windmill Road. Sunbury-on-Thames 
Middlesex TW16 7HS. 

Tel. Sunbury (09327) 85691 














In the world of mobile radiography 
Siemens has the answer. 





Trust baritop to tell you 


Baritop contrast medium: high density and Baritop 100 ready-made suspension in ring- 
low viscosity to give smooth and even pull can for easy use. Baritop G powder 
coating of the Gl tract, time after time. for higher density. Baritop gas producing 
The special consistency of Baritop makes effervescent tablets complete with 

the most of your double-contrast technique. — defoaming agent. 


x 





excellent resolution every time 


Concept Pharmaceuticals Ltd., 
59-61 High Street, Rickmansworth, Herts. WD3 1EZ. Tel. Rickmansworth (09237) 79388. 











ADVANCES IN 
ECHOCARDIOGRAPHY 


| S | Co-organizers — Drs. S. Hunter and R. Pridie. 
| Venue: Freeman Hospital, Newcastle upon Tyne. 
: Date: 28th September to 2nd October 1981. 


~The Biannual Course in Echocardiography will be 
.. held on the above dates in the Cardiothoracic 
Centre at Freeman Hospital, Freeman Road, 
Newcastle upon Tyne. Itis a five day residential 
^... Course and accommodation will be booked at 
^. ] reasonable cost, in a local hotel quite close to the 
| hospital. The fee for the course is £75-00. It is 
hoped that the teachers on the course will include, 
n addition to the organizers, Dr. Derek Gibson, 
Mr. Graham Leech, Dr. Michael Godman, Dr. 
Roger Hall, Dr. Keith Evemy and Dr. George 
Sutherland. All aspects of echocardiography will 
|. be touched on in the course, and a period of each 
-f . afternoon will be set aside for practical 
dq - demonstrations. It is anticipated that all course 
participants will have had some experience of 
echocardiography previously. 
.. Enquiries and booking should be made through 
_ |. Mrs. Maureen Johnston, Department of 
|. Paediatric Cardiology before 1st August 1981. 









New Zealand 


AUCKLAND HOSPITAL BOARD 


3 : e . Applications are invited from suitably qualified Medical Prac- 
Uoc. fitioners for the position of: 


: | .| Fellow in Cardiovascular Radiology 
pe Green Lane Hospital 


(available from 1 February 1982) 

his is a training post designated as either Registrar or Specialist 
nd would be suitable for applicants wishing to gain further super- 
ised experience in cardiovascular radiology in a hospital of world 

Own,.- 
Initial appointment is for a period of up to twelve months with 
^. provision for appointment for a further period not to exceed an 
^ Aggregate of two years. 

. Applicants should hold a Radiological qualification, but appli- 

«cations from candidates with experience in Cardiology would be 
. considered, 

CFhe salary will be in accordance with qualifications and ex- 
perience within the scale of either: 


Registrar NZ$20,216-27,127 

Or 

Specialist NZ$30,630—38,341 

plus additional payment for 

hours worked in excess of 40 

per week. 
Conditions of Appointment, Form of Application and Explana- 
tory Memorandum may be obtained from: The High Commis- 


sioner for New Zealand, New Zealand House, The Haymarket, 
London SWIY 4TQ, ENGLAND. 


Applications will close on Friday, 31st July, 1981 with: The Chief 
Executive, Auckland Hospital Board, P.O. Box 5546, Auckland 1, 
NEW ZEALAND. 








































Computerized 
Tomographic 
Scanners in 
Radiotherapy 
in Europe 


Edited by Roger J. Berry 


British Journal of Radiology 
Supplement 15 


Under the auspices of the Commission Informa- 
tique of the European Association of Radiology, a 
Workshop was held at the Headquarters of WHO, 
Geneva, from 28 to 30 March 1979 on ‘The Use 
of Computerized Tomographic Scanners in 
Radiotherapy in Europe'. It was clear from the 
first that CT scanning would have a major im- 
pact on radiotherapy, but how and where ? At this 
meeting 150 experts from 17 countries met to 
review, from a real background in clinical ex- 
perience of using CT scanners in radiotherapy 
planning, the progress which had been made and 
the costs involved. CT scanning is not inexpen- 
Sive, but the information provided is in many 
cases unique. Following a keynote address by 
Professor Brian Pullan of the University of 
Manchester outlining what is and is not likely to 
be possible in future in tumour imaging, the 
papers cover the practical use of CT scan inform- 
ation in assessing tumour volume, planning radio- 
therapy and following tumour response in the 
head and neck, the thorax and the abdomen. The 
linkage of CT information to radiotherapy treat- 
ment planning is discussed, and the way in- 
dicated towards true three-dimensional radio- 
therapy planning. All the papers presented at the 
Meeting are included in abridged form as well as 
rapporteurs' reports of the discussions in each 
section. 


Orders to: 


Publications, The British Institute of 
Radiology, 32 Welbeck Street, 
London W1M 7PG 


Price £19.50 


ISBN 0905749 09 X 
ISSN 0007 1285 
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THE3MTRIMAX SYSTEM: 


"A 


1. Finer diagnostic quality. 2. Less exposure time. 3. Longer operating life 
The gadolinium oxysulphide for- The Trimax System is faster - up to Trimax screens, the first of which we 
mulation used exclusively by the 3M 90% faster than conventional systems. | introduced in 1974, have yet to sho 


Trimax System ensures: This means: 


any loss of speed. 


a) better definition from this high a) less radiation dosage, That's why they all come with a 
efficiency phosphor b) less chance of patient movement, | exclusive 7-year guarantee against 
b)less graininess from a finer, more c) greater use of fine focus. loss of speed. 


regular grain structure 
c) better image characteristics by 
reduced probability of scatter. 


When it comes to rare-earth x-ray systems, 
there's only one which offers a fully comprehensive 
range of screens and films, designed to outperform 
all the others on the three most critical parameters 
of: diagnostic quality, radiation dosage and 
long-term economy. 

3M Trimax System. The most versatile, 


That's why replacement ceases tc 
be a factor with the Trimax System. 


comprehensive and durable rare-earth system 
available. Specify it with confidence. 

For further information about the Trimax Syste 
from 3M - the leaders in rare-earth phosphor 
technology - contact: Alan Budge, X-Ray Products, 3 
United Kingdom Ltd, 3M House, PO Box 1, Brackne 
Berks, RG12 1JU. Telephone Bracknell (0344) 58458 


3M and Trimax are trade m 
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- . routine, 
^ @ itworks with medium-size 
(c film, which enables diag- 
_ Mastic information to be 
. interpreted with the naked 
- eye. it also cuts film and 





- Xray dose for both patient 
and doctor. 











^ ess time needed for 
examinations; better 


^. The Anodica-2 image inten- 
=c. Sifier camera is capable of 
dp to two exposures per 


. easy sorting and selection 


magazine hold enough film 
fora complete examination. 
 Noiinterruptions, No fussing 


€ the 100mm system is 
flexible. Components can be 
'chosen to suit a hospital's 

< individual needs. 


a General x-ray diagnosis 


Anodica techniques offset 





Oldelft offers you more than just a good camera... 
 ftgives you a complete system. 


Oldelft makes high quality 100mm cameras for image 
intensifier photography and CRT display recording. 

But that's not all. Oldelft also makes a whole range of 
products that simplify the entire film handling operation 
after exposure. Together, these products make up the 
Oldelft 100mm daylight system. It's based on the use of 


10x10cm sheettilm. But mainly it uses apparatus already 


available in radiological departments. Which means it fits 
smoothly into the department's work routine. 
Nothing has to be changed. 


Advantages of the 100mm 
sheetfilm system 

e the 100mm system works 
with sheetfilm - as you are 
used to in large-size radio- 
graphy - which makes for 


format radiography. 
Handling operations are 
considerably reduced and 
there is a marked increase in 
throughput of patients. 


and an efficient working 


chemical costs and reduces 





i _.@ it works with the daylight The high exposure rate of 
magazine technique: the Anodica HS - up to 


its supply and take-up 12 exposures per second - 
offers great advantages in 
examinations such as 
general and selective angio- 
graphy, cerebralangio- 
graphy. Motion blur is 
reduced, focal spot of the 
x-ray tube is smaller and 
x-ray dose is low, 

Use of Anodica exposure 
technique means that cathe- 
terization and image inten- 
sification can be simul- 
taneous. It is therefore not 
necessary to move the 
patient. 


with cassettes. Result: 


throughput of patients. 


CRT display photography 





With the Catodica camera- 
back for CRT display recor- 
ding of ultrasound, gamma 
cameras and CT scanners, a 
substantially better quality 
image is obtained than is 
possible on positive paper 
film from instant camera- 
backs. The Catodica works 


second. It is especially 
suitable for use in cases of 
gastro-enterology, neuro- 
logy, urology, orthopaedics, 
gynaecology and paediatrics. 


the disadvantages experien- 
ced with conventional large 


Oldeltt 


Holland, Postbox 72, 2600 MD Delft 

Tel. (015) 14 59 49, telex 38011 

U.S.A, Fairfax. Virginia 22030 

2735 Dorr Avenue, Tel. (703) 573 7020, telex 089-2759 


nv Optische Industrie De Oude Delft 








with a magazine that can be 
loaded in full daylight. 

The automatic film transport 
means great facility and 
quick examination. 


Film copying 


mee rate! teresa, 





as for example during 
teaching sessions, pictures 
can be enlarged through the 
Heliomat viewer or by means 
of an overhead projector. 


The Delcomat provides a Framing 
highly efficient copying me 
service so that the exposures n 
always remain at the radio- 
logical department. H gives 
top quality copies of large 
radiographs, complete or in 
part on 100mm sheetfilm. 

it also duplicates 100mm 
exposures on 1:1 scale. 

The Delcomat saves filing 
space and provides a basis 
for a teaching file. 





Delcadro offers a simple 
method of mounting six 
exposures together in an 
economical paper frame. 

in this way pictures selected 
after viewing in the Cadrix 
can be kept together for 
orderly presentation and are 
readily filed. An automatic 
version of the Delcadro is 
also available. It is especially 
effective for handling large 
quantities of film. 


Processing 


By means of the Film Feeder. 
100mm sheetfilms can be 
processed automatically and 
in daylight, using normal 
large-size film processors 
without modification, 

Small daylight processors 
for instant use with the 
camera are also available. 


in brief 

The 100mm system offers 
an efficient method of 
picture registration fora 
large number of hospital 
examination areas. 

it reduces cost, saves time. 
For simple fiim handling, a 
sophisticated package of 
accessories is available. 
And remember - 100mm 
film offers a basis for 
planning substantial reduc- 
tion in filing space. 


Viewing 

For quick quality check and 
easy diagnosis, exposures 
can be mounted in correct 
order in the Cadrix, a simple 
plastic holder, which is ` 
placed on the viewing box. 
For large group discussion, 


į Please send me more information about the 100mm System, 
{| am particularly interested in: 

I how to cut film costs 12 300mm spot film photography 
! Cistandardizationon 10x10 film (100mm CRT photography 
i filing space reduction 100mm copying services 


Name 
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The new Nicolet Microx 
Unique high definition Radiography 
A completely united radiography system a“ SN 


for imaging internal microscopic 
detail with infinite depth of field. 


Discover the Microx 
difference 


@ High resolution OOImm 

e Various magnification with zoom 
control of up to 25 times on film 
and 100 times on TV 

e Thick sample capability 

e No sample preparation 

e instant dynamic viewing on 
TV display 

è Permanent high resolution 
photographic record with X-Ray 
or Polaroid film 

è Stereo photography for three- 
dimensional viewing 

è Large sample handling capacity 

e Ample space for the addition of 
special sample handling devices 

dq: E) to use 





Nicolet Instruments Limited 
A NICOLET INSTRUMENT SUBSIDIARY 
Budbrooke Road, Warwick, England CV34 5XH Tel: (0926) 44111 Telex: 311135 
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38-18 September 198] . Conference and Computers 

e London 4 | Trade Exhibition | Two BIR Special Reports 

| Considerations about the use 
of computers in 
radiodiagnostic departments 
BIR Special Report 14 a 
Edited by Professor G. H. du Boulay. 1977 


- Paediatric Cardiology 
198] 
















Organising Committee: | 
' Prof. R. H. Anderson, Dr. E. A. Shinebourne, * im +h Y ; 
| Prof. F. J. Macartney, Dr. M. Tynan. | b ihn bad: E control of 
| E Sponsored by the British Heart Foundation | | | 
C Speakers will include: S. Howarth, A. Pacifico, BIR Special Report 16 
do —— M. Paul, J. Somerville, M. Yacoub, A. Becker, S ibat e. Wes 
oa LO. Scott, D. Heath. M. Godman, J. Taylor, D. Southall, By a multi-disciplinary task group convened 
“ee”. D. Krickler, D. Ward, G. Thiene. J. Stark, by R. E. Bentley. 1979 
bs A; Carpentier, J. Wilkinson, J. Lincoln, PRICE: £2.40 


- E. Gussenhoven, L. Allan, D. Gibson, G. Miller, 
P. Deverall, S. Hunter, M. Quero Jimenez, E. Silove, 
M. de Leval, A. Bentovim, D. Silverman, N. Dennis, Orders to: 


A. Blancquaert, B, Keeton. dit ; 1 
| ) The British Institute of Radiology 





SOUTHERN ALBERTA CANCER CENTRE 
CALGARY, ALBERTA 


Director of Radiation Oncology 


— The Provincial Cancer Hospitals Board is seeking a Director for the Department of Radiation Oncology 
for September 1st, 1981, for the new Southern Alberta Cancer Centre in Calgary. Salary scales are com- 
|. petitive and negotiable on the basis of qualifications and experience. Academic cross-appointments with 
- ^the University of Calgary Medical School provide opportunity for teaching and research. Research is sup- 
- ported by the Alberta Heritage Fund and by a population based tumor registry. 

— Positions are available to the Director for recruiting additional radiotherapists to the current staff of five. 


_A full staff of physicians, treatment planners, mould room personnel and a workshop team now exists. The 

"technologist complement is currently full and planned to expand when the Centre moves to its new 
> facilities in the fall of 1981. 

- .. The Centre handles over 2500 new cancer patients, 18,000 out-patients visit and over 20,000 radio- 

i. therapy visits yearly. Present facilities include a 6 MeV Accelerator, two Cobalt 60 Units and a superficial 
¿ooo X-ray machine. In addition a 20 MeV Linear Accelerator and a third Cobalt 60 Unit will be installed in the 

new Centre along with a second Simulator. 


The new Cancer Centre provides comprehensive cancer care for Southern Alberta which has a popula- 
tion of about one million. Calgary, situated near the Rocky Mountains, is a rapidly growing financial and 
oil centre in the Canadian West. It has a population of about 550,000 with four major hospitals served by 
the Cancer Centre, 





Dr. L. Martin Jerry, Director, 
Southern Alberta Cancer Centre, 2104 — 2nd Street S.W. 
CALGARY, Alberta. T5S 185 
Telephone Number: 403—263—0770 
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For further information please reply in confidence to: 
| 
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SPECIAL PRICE: £1-00 





i | Jj A reduced fee is available for Nurses and 32 Welbeck Street 
NAE Radiology Technicians. 
For further information: | London W1M 7PG 
Conference Services Ltd., 3 Bute Street. ISSN 0306—2120 
don SW7 3EY, UK. 
91-584. 4228. Telex: 916054 JOYBRI. 


SIEMENS 


Special Features * Radiography in bed or on a trolley 
s Complete floor clearance through in front of the unit. 
use of a ceiling support. « Facility for lateral views to be taken 
3 Possibility for all erect Bucky from both sides of the table. 
radiography e.g. routine chest and — : Rotatable Bucky grid automatically 
lumbar spine. centered onto focus. 


In the world of radiographic equipment, 
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The MULTIGRAPH is an X-ray diagnostic 
for planigraphy and Bucky radiography on 
recumbent patients. 

The unit permits the preparation of planigra 
with linear, elliptical and spiral blurring, spir 
blurring being particularly advantageous fo 
objects with high image contrasts (head, 
skeletal planigraphs), multiple superimposi 
(temperomandibular joint) and strongly 
interfering bodies close to the object 
(petrous bone). 


Zonography with linear and circular blurring 
and Bucky radiography with vertical and 
oblique beam projection supplement the 
versatile application. 
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For further information please contact: 
Siemens Medical Group, Siemens Limitet 
Windmill Road, coe eir cce 
Middlesex TW14 7H 

Telephone Sunbury 100327) 85691 





QDAK'X-Omat RP Film 
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‘egular Intensifying Screens. 
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egular Intensifying Screens. Se re Film 2498 
ODAK Ortho G Film with KODAK CFA Fila 
(ODAK ‘Lanex’ Regular Screens — 
‘ODAK ‘Rayoscope’ RP Film 100mm s 
ODAK ‘'X-Omať' GR Film 100mm 
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of Kodak p. pr O odor 
for cardio -vasculat 
examinatiot 


Kodak has the most comprehensive service netwo 
in the country. E 
We back that service with a range of products. 
includes over thirty diagnostic imaging films; and co 
processors, Cassettes, intensifying screens, chemicals 
daylight handling equipment. : 
Kodak Service is there to help you maintain con 
tent image quality. 
In the working environment, this means we can | 
with planning an efficient process area. : 
In human terms, we can help with the training got. 
radiologists, radiographers and technicians: on. your | 
premises or at our own Marketing Education Centre. v 
Equipment maintenance is also an important quality a 
control factor, and Kodak provides a highly competitive 7 
service from strategically located Sales Centres. a 
For details, speak to your Kodak representative. — — 
He can give you up-to-date information on all areas — 
of diagnostic imaging. 


Kodak. We care about your image. 
























KODAK ‘Lanex Regular Screens for special procedures are available to fit Puck, AOT and CGR rapid film: 
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APPEAL 


A permanent home for British radiology 


The Appeal Committee 


Sir Jan Lewando, CBE (Chairman) 

Professor G. H. du Boulay (Appea/ Co-Ordinator) 
Mr. L. F. Barr Smith 

Dr. Julian Bloom 

Sir Richard Doll, OBE, FRS 

Mr. Kevin Hughes, OBE 

Professor L. F. Lamerton 

Sir Thomas Lodge 

Dr. J. F. Loutit, CBE, FRS 

Professor W. V. Mayneord, CBE, FRS 

Professor J. H. Middlemiss, CMG 

The Lord Penney, OM, KBE, FRS 

Sir Edward E. Pochin, CBE 

Sir John Read 

Mr. C. F. E. Shakerley 
Professor Sir David Smithers —Dadb mcm NE 
Professor R. E. Steiner, CBE -— = 

Dr. Herman D. Suit 

Dame Janet Vaughan, FRS 
Professor Sir Brian Windeyer 


+ > 
+ "A 


The Lord Zuckerman, OM, KCB, FRS "m 
TET 
The President of the Institute and Appeal — dU 
Executive Committee members iui M AUN | : 





Funds are still needed for the new permanent home 
for The British Institute of Radiology at 
36 Portland Place, London W1, next door to the 
Royal College of Radiologists 


Donations and ideas to: 
Appeal Co-Ordinator, 32 Welbeck Street, London W1M 7PG (01-486 5084) 


THE COMPUTERIZED 
, GENERATOR OF 
TOMORROW IS HERE 












+ 
SATURN- JOE GENERAT 
CONTROLLED GENERATOR 
FLEXIBILITY DIGITALLY DISPLAYED 
e One, twoor three factor control e kVmAmaAs time 
e Operator inputto memory store e Postexposure of mAs and time 
e Over 200 operator introduced e Organ and projection 
programmes e Number of further exposures possible 
" e Lastexposure on each auxiliary e Diagnosed error or malfunction 
memorised for instant recall 
LJ 
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The a Ultrasound Duum 
for Radiologists 
October 19th-2 3rd 1981 


E This course in clinical ultrasound is designed to cover non- 

esp obstetric abdominal scanning in depth, but will also include 
certain other applications. The course will be held in a London 
hotel and will be limited to 50 participants. 










Course leaders.— 
David Cosgrove Keith Dewbury Hylton Meire 
Further information from:— 
Dr. H. B. Meire, Clinical Research Centre, Harrow, Middlesex 
HA1 3UJ 
UK 
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ADIOLOGIST 


! £38,000 PLUS 

| CANADA | 
M We have been asked to assist Applications or enquiriesare Ourclientis offering a 
|. in locating a professionally invited from individuals with generous relocation/joining 

$e |... qualified Radiologist to professional credentials in bonus and pics 

^.  developandheadapractice radiology who are desirous of remuneration of notless than 

ina new 300 bed hospital, an autonomous working £38,000 per year, 

vM whichis one of the most environment with the most 

(0M modernin Western Canada, up-to-date equipment Interested doctors should 

oe located in a community of available, coupled with the write A, J. Martin or 

PEU 30,000 serving Alberta's rich advantages of small city W. T. Lalonde, referring to 

eu tar sands. living in the centre of one of Assignment #1021. 

m Canada's most buoyant 

E l economic regions, | 

i : Executive Search Division TORONTO 

ae, Lex rli MONTREAL 

- | 4 HicklinaJohnston wn | 

PM E Hickling-Johnston Limited, Management Consultants EDMONTON 

co" 415 Yonge Street, Toronto M5B 2E7, Canada CALGARY 


Telephone (416) 977-2811 


Member of the Canadian Association of Management Consultants . J 


in Medicine e i 


Official Journal of the World Faderatn 
for Ultrasound in Medicine and Biology 





Editor; DENIS N. WHITE, 
Queen's University, Ontario 





The journal publishes original articles dealing with the interaction of 
ultrasonic energy with living systems for the purpose of promoting new 
knowledge concerning the understanding and employment of this form 
of energy in medicine and biology. While it is recognized that this in- 
cludes a broad range of topics, it is expected, because of current needs 
and emphasis, that the majority of the published pages will deal with 
ultrasonic applications in clinical medicine. The journal aims to achieve 
high standards of quantitative reporting in the manuscripts that it pub- 
lishes. Papers solely concerned with engineering techniques are appro- 
priate only if the methodology, or the instrumentation described, are 
important in medicine or in biology. Only occasional review articles or 
articles of historical interest are published. In addition a section devoted | 
to short Case Reports or Clinical or Technical Notes of 1000-2000 words 
in length is included. Letters to the Editor of 300-1000 words in length 
comprising (a) brief reports describing important preliminary results or 
new ideas, or (b) relevant comments on papers published in the journal 
or (c) relevant comments on issues of interest to the readership of the 
journal, are also published. 





Subscription Information 


Published quarterly 

Annual subscription 1981 USS95,00 £43.18 
Two-year rate 1981/82 USS180.50 £82.04 
Prices include postage and insurance 


Sterling prices applicable to UK and Eire customers 
All prices subject to change without notice. 


Free specimen copy gladly supplied on request. 
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Headington Hill Hall, Oxford Q X3 OBW, England 
/ Pergamon Press Fairview Park, Elmsford, New York 10523, USA 
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utomatic, Computer-controlled Dynamic 
1d High Resolution Static B-scanning 


e Sonography System RA-1 diagnostic ultra-sound 
anner uses sophisticated, computer-controlled 

age processing to achieve superior image resolution. 
e advanced, state-of-the-art scanheads comprise: 
FOV scanheads for multiformat abdominal 

inning. 

VV scanheads for high frame-rate scanning. 

mall parts scanhead, incorporating Doppler with 
ectral Analysis, for superficial vessel and organ studies, 
neonatal and paediatric scanning. 

e modular design guards against obsolescence whilst 
mitting expansion and the ability to retrofit new 

iging techniques as they are developed. 





S 
Universal Computer-controlled 
High Resolution Static B-scanning 


TheUniversal Pho/sonic-SM fully-integrated computer-controlled, high 
performance ultrasound scanner which produces excellent image 
resolution. It isdesigned to meet individual requirements through a variety 
of system options, including: 

# Wide range of transducers :+ Image Process Functions 

& Area, Circumference and Volume measurements 

4: Obstetrics measurement facility :x Floppy disc interface 





M. 


Future improvements to the image processing may be incorporated due to 
the flexible computer software 


Other Siemens ultrasound equipment is available, including the IMAGER 
2300, a Dynamically Focused Linear Array Real-Time B-scanner. 

For full details write to: Siemens Medical Group, Siemens Limited, 
Windmill Road, Sunbury-on- Thames, Middlesex TW14 7HS. 

Telephone Sunbury (09327) 85691 


Siemens gives you the choice!  . 

















By K.T. Evans MB, ChB, FRCR, FRCP, DMBD, FFR(RCSI) 





Professor of Radiology, Welsh National School of Medicine 


and B. Knight MD, BCh, FRCPath, DMJ 


Reader in Forensic Radiology, Welsh National School of Medicine 


This unique work surveys every aspect of the 
interface between radiology and the law, both 
in the application of radiological techniques 
to forensic problems, notably in identification 
and trauma, and in the legal aspects of 

clinical radiology, ranging from informed con- 
sent to malpractice. The hazards of radio- 
logical procedures and the medico-legal impli- 
cations of diagnostic radiology are discussed, 
while the role of the radiologist in skeletal 
and dental identification is stressed. 


July 1981. 160 pages, 110 illustrations. 
About £15.00 


some other titles of related interest 


Gynaecological Radiology 
G.H. Whitehouse MB, BS, MRCP, FRCR. 1981. 
248 pages, 257 illustrations. £24.00 


As well as covering the more specific investigations 
relating to the genital tract, it is shown that other 
standard radiodiagnostic procedures and the 
recently introduced modalities of ultrasonography 
and computerised axial tomography, are applicable 
to the gynaecological patient. 


Clinical Radiology in 
Gastroenterology 


C.i. Bartram MB, MRCP, FRCR and Parveen 
Kumar MD, MRCP. 1981. 216 pages, 425 illustra- 
tions. £16.00 


The role of radiology, including ultrasound and 
CT scanning, in disorders of the gastrointestinal 
tract, liver and pancreas, is analysed in this book. 


Real-time Ultrasound 
in Obstetrics 
Edited by M.J. Bennett MD, MRCOG, FCOG and 


S. Campbell MB, BS, FRCOG. 1980. 160 pages, 
88 illustrations. £15.00 


Blackwell Scientific Publications 


Contents 


Historical foreward 

Radiology in identification 
Radiology in forensic dentistry 
Radiology in forensic pathology - 


Child abuse syndrome — the ‘battered child” is | 


Medico-legal implications of radiological 
procedures 


Radiological mishaps and malpractice 


Medico-legal aspects of radiology of trauma - Is 


Healing of fractures 


Age range in the appearance of ossification 
centres and epiphyseal fusion 


Nuclear Medicine: 
an Introductory Text 


P.J. EN MD, MSc, and E.S. Williams MD, PhD, | ep 


FRCP. July 1981. 288 pages, 211 illustrations. 


About £16.50 


This book informs radiologists, oncologists and 
clinicians of the wide range of nuclear medicine ^ 
facilities and explains to those involved with radio- E 
active materials the clinical relevance of their Te ees Er 


work. 


X-ray Diagnosis 


Peter Armstrong MB, BS, FRCR and Martin L. 


Wastie MB, BChir, MRCP, FRCR. 1981. 360 


pages, 564 illustrations. £19.75 


This title is designed as a textbook of diagnostic 
radiology for the medical student and newly 


qualified doctor. For each body system a number ` 


of basic signs are described and the differential 


diagnostic possibilities explored. 


Uroradiology 


Thomas Sherwood MA, MB, DCH, FRCP, F 
1980. 360 pages, 435 illustrations. £35.00 


RCR. 














The Oldelft 100mm system is 
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Only 10 x 10 cm sheet film offers standardization a chance — 


Of course there are limits. It's not possible to achieve complete 
uniformity in a hospital radiology department. 

Fortunately, a great deal of all diagnostic imaging can be 
standardized by adopting the Oldelft 100mm system. 

It improves efficiency and makes for more effective use of equipment. 
Handling is less complicated 


100mm System demands only 3 types bf film: for CRT, image 


telft products are sold by the 
ding x-ray equipment manufacturers 


- FH | | s Š 
3 I 





A with up to 60% of your originals 


intensifying and copying. In this way total filmstock can be easily 
reduced, using less film of different sizes and sensitivities 

The Oldelft 100mm system also saves valuable space in filing systems. 
That's just one of the many attractive features of standardization 


Oldelft: quality and reliability. 


more efficient and more economic 


j 





nv Optische Industrie De Oude Delft 
Holland, Postbox 72, 2600 MD Delft 
Tel. (015) 14 59 49, telex 38011 


U.S.A., Fairfax, Virginia 22030 

2735 Dorr Avenue, Tel. (703) 573 7020, tel 
Germany, Postbox 5420, D 6300 
Giessen/Lahn, Tel. (0641) 4 10 49, telex 4t 
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Ximatron 5 
Treatment Planning Simulator 


The Ximatron 5 is the most 
accurate and versatile 
treatment planning 

unit in the world, 

and the product 

of over fifteen years 

of simulator development 
and manufacture. 











Forever mindful of the 
future, T.E.M. have 
incorporated the Ximascan 
into the Ximatron 5. 
This facility allows a digital 
tomographic scan of the patient 
to be taken. 


Variable speed controls facilitating 
quick and easy setting and 
planning procedures, providing digital 
readouts with a B.C.D. output. 





The Ximascan may be interfaced 
directly to the T. E.M. treatment planning 
computer system. 





For further details: 


TEM Instruments Limited 


Gatwick Road, Crawley, Sussex, RH10 2RG England Tel 0293 31244 
Telex: 87397, Grams: TESTMENT CRAWLEY 

















Radionuclide | Dr. Bowring's book will fill the need for a 


dn | concise guide to the diagnostic uses of 

Tracer radionuclides in haematology. It deals with 

Techniqu esin | all th e co mmoni y used n vivo techniques, 

= , i taking care throughout to provide 

Haematology | practical information on their application. 

C S Bowring | Those areas of haematology in which 
radionuclides are still developing are well 
covered, and for the reader with limited 
experience of nuclear medicine techniques 
there are two introductory chapters on 
basic physics and instrumentation. 


Order today from your 


M DD NK QR Contents: Basic physics of radionuchdes * 
bookseller, or in Case Instrumentation * The measurement of red cell 
of difficulty from and plasma volume * Cell survival studies * 

" Ferrokinetics e External counting * Imaging and 


OO Rutterwarthe applications of quantitative imaging * Absorption, 
X Butterworths | loss and clearance studies e Appendices e Index 


Borough Green, Sevenoaks, 
Kent, TN15 8PH, England. 1981 148 pages 0407001832 £8.50 





The Ontario Cancer Foundation 
Ottawa Clinic 


Applications are being invited for the post of RADIATION ONCOLOGIST in the Ottawa Clinic (Ottawa 
General Hospital Division) of the Ontario Cancer Foundation. 


The Clinic registers approximately 2400 new cases of malignancy each year and about 1500 new cases 
were started on treatment in 1980. 


The Ottawa General Hospital Division is located in the Ottawa University Health Science complex ad- 
jacent to the Medical School, National Defence Medical Centre and the Children's Hospital. 


The combined equipment at the two divisions consists of a 20 MeV Linear Accelerator with electron 
capability ; 6 MeV Linear Accelerator ; two Theratron 780's and a Cobalt 78. 


The Clinic has five radiation oncologists on staff and this position is to replace a radiation oncologist who 
will shortly be retiring in the General Hospital Division. 


There are five medical oncologists and three physicists. The successful applicant will be offered an 
appropriate appointment in the Radiation Oncology Department, University of Ottawa, and will be ex- 
pected to participate in consultative and follow-up clinics. 


There is a strong tradition of participation in clinical trials and clinical research within the Clinic and it is 
expected that the applicant will be willing to participate. He will be encouraged to develop his own clinic 
or laboratory research interests. 


Applications with curriculum vitae and the names of three referees should be submitted to: 
Dr. M. E. Tulloh, Director, Ontario Cancer Foundation, Ottawa Clinic, 190 Melrose Avenue, Ottawa, Ont. 
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GUERBET 


Better contrast media through research 
Laboratoire GUERBET 


16-24, rue Jean Chaptal - 93609 Aulnay-sous-Bois - Cedex FRANCE 
Tél. :929.78.37 - Télex ; 212382 F. 
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Diagnostic puncture in renal cystic dysplasia 
(multicystic kidney). Evidence on the aetiology of the cysts 


By H. M. Saxton, F.R.C.P., F.R.C.R., *S. J. Golding, D.M.R.D., F.R.C.R., 
C. Chantler, M.A., M.D., F.R.C.P. and G. D. Haycock, M.B., B.Chir., M.R.C.P., D.G.H. 


Departments of Radiology and Paediatric Nephrology, Guy's Hospital, London SE1 9RT 


( Received January 1981) 


- "V" ABSTRACT —— one of the most common causes of a unilateral mass 

Five cases of cystic dysplastic (multicystic) kidney occur- , d fanctioni kidnév in the neonate, The 
ring in infancy are described, in whom diagnostic puncture en nou has ioning Kidney in e neonge. , » 
was used to confirm the suspected diagnosis. The character- diagnosis 1s usually reached by urography, which 
istic finding on contrast injection was that the cystic spaces. shows the absence of a normal kidney and which may 
communicated via tubular structures, presumably neph- dics deon incvat walls he araneon" f 
ronic, so ruling out the possibility of hydronephrosis. This > 10W Opaci cation in cyst walls—the crescents = 
finding also supports the view that cysts in multicystic Felson and Cussen (1975) or late contrast opacifi- 
kidney derive from nephrons and are not due to dilated cation in the cvsts—the “puddling” of Young et al. 
calices. Although urography and ultrasonography both give OTA iu : 
appearances highly suggestive of multicystic kidney, the (1974). More recently, ultrasound has been employed 
appearances on renal puncture are pathognomonic. When both antenatally (Older et al., 1979) and postnatally 
such appearances are demonstrated there is no urgent need aram "o 4( pes CUR e: 
for operative removal, except when necessitated by the size of (Bearman et al., 1976). Both these techniques go 
the mass. strong indication of the likely nature of a non- 
visualized kidney but they seldom distinguish with 
complete certainty between cystic dysplastic kidney 
and severe neonatal hydronephrosis. Following our 
earlier experience of renal puncture in infancy (Sax- 
ton et al., 1973), we have used renal puncture in five 


The cystic dysplastic kidney (multicystic kidney) is 


EE UU 


*Present address: The Royal Marsden Hospital, Sutton, 
Surrey. 
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Fic. 1. Case 7. Fic. 2. Case /. Fic. 3. Case 1. 


Excretory urography. There is good con- DMSA scan. There is good uptake in a Renal puncture. Contrast medium 
centrationinthe right kidney. No opacifi- normal right kidney with no evidence of injected into the most lateral cvst 





cation is seen on the left but a curvilinear functioning renal tissue on the left. superiorly flowed through the tubules 
density is present (arrows) suggesting à on its medial aspect to enter the other 
cyst wall or stretched parenchyma. cysts. 
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H. M. Saxton, S. T. Golding, C. Chantler and G. D. Haycock 


such cases. The appearances are characteristic and, 
we believe, contribute to the understanding of the 
nature of the cystic dysplastic kidne . 


‘TECHNIQUE 
The infant is strapped prone to a padded frame 
light sedation is usually adequate. The dysplastic 
kidney is located on fluoroscopy by reference to the 
spine and lower ribs: we have not found it necessary 
to puncture 
although in Case 2 the fact that ultrasound had 


use ultrasonic localization during 





5 


5 


Longitudinal ultrasound scan of the abdomen. There are 
multiple transoni« n 
Iving lateralls 


4. ( GM 


CVSIS 


the left side, the largest cyst 


Fic. 


Renal puncture using an AL approach to the largest cyst 


5. ( ase 2, 


(A) Initial injection opacified the cyst and outlined tubules 
on its cranial aspect (arrows). 


(B) Further contrast showed the other « VSTS ( lustered around 


the centrally placed tubules. 





demonstrated a prominent cvst lying beneath the 
that 
(AL) approach was more appropriate. 

A 3 cm fine (21 or 22 


abdominal wall indicated an antero-lateral 
gauge) needle is passed 
through the skin under local anaesthesia and ad- 
vanced until a respiratory swing is seen. Entry of a 
cyst is usually indicated by free back flow of clear fluid 
but gentle aspiration through a flexible connection 
may be required. 

Contrast medium injection ts then made under 
fluoroscopic control and several radiographs taken. 
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Diagnostic puncture in renal cystic dysplasia (multicystic kidney) 





Fic. 6. Case 3. 


Renal puncture. Contrast medium injected into a central 
cyst flowed through surrounding tubules to pool in other 
cysts (arrows). 


Fluoroscopy and radiographs during the early stage 
of filling show opacification of tubular structures as 
discussed below. 

There have been no sequelae to this procedure in 
our experience. In Case 2 the cysts were aspirated 
before removing the needle and in Case 5 a drainage 
catheter was inserted into the cysts for decompres- 
sion prior to surgery. 


Case REPORTS 
Case 1 

A female child was born by normal delivery at 39 weeks 
following a pregnancy complicated by poor fetal growth. At 
birth she was small, with a birth weight below the tenth 
percentile, and had a left-sided tense abdominal mass. Serum 
creatinine and blood urea were normal. 

Ultrasound showed a large multicystic lesion occupying 
the left side of the abdomen. On the right there was separ- 
ation of the echoes from the renal sinus, suggesting mild 
hydronephrosis. IVU confirmed the presence of distended 
calices on the right but showed good transit of contrast into 
the bladder. On the left side a curvilinear density was seen 
suggesting a cyst wall or dilated calix (Fig. 1). Micturating 
cystography was normal. DMSA scan showed normal up- 
take of nuclide on the right and no evidence of functioning 
renal tissue on the left ( Fig. 2). 

Renal puncture and contrast medium injection showed a 
large cyst communicating with further cysts through 
tortuous tubules (Fig. 3). 

No specific treatment was indicated and she was dis- 
charged on prophylactic antibiotics. Subsequent IVUs have 
shown infundibular narrowing of the upper pole calices on 
the right and stenosis of the right ureter at the pelvic brim 
with persistent caliceal dilatation. Her creatinine level has 
remained normal and she continues well although under- 
weight for her age. 


Case 2 

A male child was delivered by elective lower segment 
Caesarian section at 38 weeks. Antenatal ultrasound at 30 
and 38 weeks had demonstrated a multicystic abdominal 
mass, At birth there was an obvious mass in the left side of 
the abdomen but no other abnormal findings. 

IVU showed normal appearances on the right and no 
opacification on the left. Ultrasound examination confirmed 
the presence of a multicystic space-occupying lesion on the 
left side (Fig. 4). 

Renal puncture was carried out by a left AL approach to 
the prominent cyst demonstrated by ultrasound. Initial 
filling of this cyst showed tubules lying on its cranial aspect 
(Fig. 54) and on further injection contrast medium passed 
slowly into surrounding cysts (Fig. 5n) until the whole area 
was filled. From the cyst 75 ml of aspirate were withdrawn, 
at which point it became impalpable. 

Six months after birth the child was well. The fluid had 
reaccumulated and the kidney was readily palpable. One 
vear after birth he remains well and the kidney is impalpable. 


Case 3 

A female child was born at term after a normal pregnancy. 
On examination, there was a tense mass in the left loin. 
Serum creatinine and blood urea were normal. 

IVU was normal on the right with no opacification on the 
left. Micturating cystography revealed mild reflux into the 
distal right ureter. 

Renal puncture showed filling of a cystic space communi- 
cating with tortuous tubules (Fig. 6). Further injection of 
contrast medium filled other cysts in the left loin through 
these tubules, demonstrating a large multicystic kidney. 
There was no filling of pelvis or ureter. ‘There were no 
na and the child remained well ten months after 

irth. 


Case 4 

A female child was born by elective forceps delivery after 
spontaneous rupture of the membranes at 35 weeks gest- 
ation. Antenatal ultrasound had shown a collection of cysts 
within the abdomen (Fig 7). At birth the child appeared 
normal apart from a smooth firm mass in the right loin. 
Serum creatinine was elevated to 141 mol/l. IVU showed 
no appreciable accumulation of contrast medium in either 
kidney but a curvilinear density on the right (Fig. 8), 
suggesting the wall of a dilated calix or cvst. Ultrasound 
confirmed the presence of a multicystic lesion on the right 
but the left kidney was not demonstrated. Micturating 
cvstography was normal. DMSA renal scan showed no 
significant uptake on the right but moderate uptake in an 
irregular, low-lying left kidney and DP'TA dynamic renal 
scan showed good excretion from this kidney (Fig. 9). 

Renal puncture initially filled one small cyst communicat- 
ing through several large tortuous tubules to fill the other 
cysts throughout the renal area (Fig. 10). 

The creatinine level fell to normal during the few weeks 
after delivery and no active treatment was required. Six 
months after delivery the child remains well. 


Case 35 

A female child was delivered at 35 weeks gestation by 
Caesarian section following fetal distress. At birth there was 
marked abdominal distension and an IVU showed a normal 
right kidney with non-opacification on the left (Fig. 11). 
Micturating cvstography was normal. Ultrasound demon- 
strated a multilocular cystic lesion occupying most of the 
abdomen. The left kidney was not identified. A barium 
meal showed cranial displacement and compression of the 
second part of the duodenum (Fig. 12), and displacement of 
the rest of the gut to the outer limits of the abdomen around 
the mass. A DMSA scan showed a normal right kidney with 
no uptake on the left side, 

Renal puncture initially filled one large tubule through 
which contrast medium passed to fill a large multilocular 
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ric 5. Case 4 
lExcretors urographv. ‘Tomography 15 minutes after injec- 
Ria 9. Case 4 tion shows no normal opacification of either kidney. On the 
di: right is a curvilinear density suggesting a evst wall or dilated 
Antenatal ultrasound. Longitudinal scan of the fetus show- ente (arrows) 
ing the fetal ribs and spine on the right of the image. The 
abdomen is occupied by multiple transonic cysts (arrows). 
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Fic. Uu. Casi l. 
DTPA scan showing good uptake in an irregular low-lying 
| 


sidney (K) and good excretion into the bladder (B). There is 
no uptake in the region of the right kidney. 





Renal puncture. Contrast medium injected into a central 


cyst passed through several tubules to collect in other cysts 
Contrast can be seen flowing from oni 


tubule (arrows) to 
poo] in a cyst. 
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Fic. 11. Case 3. 





lE:xcretory urography. There is a normal right kidney but no 


opacification on the left. There is a central mass displacing Fic, 12. Case 5. 
> à ` > ! "oo 
the bowel gas outwards and compressing the bladder from Barium meal. A right anterior oblique view shows upward 
above displacement and stretching of the second part of the 


duodenum with delay in gastric emptying. 





A FiG. 13. Case 5 L 


Renal puncture. 


(a) The needle entered a large tubule and contrast medium flowed into surrounding cvsts. The barium-filled colon 1s 
displaced superiorly. 


(B) Further filling opacified a large cyst occupying the pelvis and displacing the bowel. 
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50 mm 


Fic. 14. Case 5. 


Multicystic kidney removed after percutaneous decom- 

pression. The cut surface of the specimen shows the relation- 

ship of the cysts to the central area containing tubules 
through which the cysts communicate. 


cyst occupying most of the abdomen and extending into the 
pelvis (Fig. 13). In view of the presence of duodenal com- 
pression a percutaneous catheter was inserted posteriorly to 
drain the cysts prior to surgery. 

At operation the left proximal ureter was atretic, no left 
renal pelvis could be found and a collapsed multicvstic 
kidney was removed with ease from the left renal fossa. 
Examination of the specimen showed a central core of tissue 
surrounded by numerous large cysts (Fig. 14). The central 
area was occupied by small cysts and tubules and fluid could 
be squeezed from one cyst to another through this area. 
Histology of this part revealed cysts and tubules of all sizes 
in a framework of dysplastic fibrous tissue, characteristic of 
renal dysplasia. She made a good recovery and two months 
after surgery continues well. 


DISCUSSION 

Aetiology of renal cystic dysplasia 
Renal cystic dysplasia is generally accepted as 
being due to ureteric atresia, with absence of the 
renal pelvis and failure of normal nephrogenesis 
(Griscom et al., 1975). Felson and Cussen (1975) 
however, regard the cysts as dilated calices and 
believe that the multicystic kidney is simply an 
extreme form of hydronephrosis. Their belief is 
based on three findings. First is the occurrence of 
opacification on the margins of cysts after intra- 
venous contrast medium, which they compare to the 
crescents described by Dunbar and Nogrady (1970) 
in cases of marked hydronephrosis. Second, they 
regard the opacification of cysts due to contrast 
appearing in them (Young et al., 1974; Cooperman, 
1976) as indicating that the cysts are really calices. 
Third, the fact that cysts may intercommunicate 


(Felson and Cussen, 1975) might also appear to 
bear out this theory. 

The “crescents” seen in their cases and in some of 
our material are not strictly analogous to those 
described by Dunbar and Nogrady (1970). These 
authors describe limited areas of crescentic opacifi- 
cation in the caliceal regions of obstructed kidneys 
with relatively normal parenchyma lying peripher- 
ally. The opaque areas in multicystic kidneys are 
rings around the cvsts and are not limited to one 
part. In our view, thev indicate only that there are 
some functioning glomeruli and nephrons and that 
contrast medium ts appearing in them. When such 
nephrons are present, they will be best visualized 
where they are projected "edge-on" to the X-ray 
beam: clearly this would be around the margins of a 
cyst or cysts. Such areas represent strands of 
nephron-containing tissue and cannot be adduced as 
evidence for or against hydronephrosis. 

The opacification of cysts also carries no aetio- 
logical implications, since it is known that cysts in 
adult and infantile polycystic disease are connected 
dynamically to patent nephrons (Bricker and Patton, 
1955). It is also well known that sufficient contrast 
medium may be excreted into simple cysts after 
intravenous injection to increase the attenuation 
coefficient of the cyst when examined by CT scan- 
ning. 

The passage of fluid between cysts is readily 
explained by the presence of communicating tubules 
which we have demonstrated. X-ray studies on the 
kidney after removal might well fail to show these 
tubules, unless films were taken during or soon after 
injection of contrast medium; shortly after the 
injection is ended the tubules have ceased to be 
opaque in our cases, Nevertheless, Fig. 5c of Felson 
and Cussen’s paper shows appearances strongly 
suggesting such tubules. 

There is a striking similarity between our pictures 
and the diagramatic representation of renal cystic 
dysplasia given by Potter (1972) (Fig. 15). The 
presence of tubules terminating in cysts is also borne 
out by microdissection studies (Madewell et al., 
1979). We believe that our evidence gives weight to 
the belief that such cysts arise from nephrons 
obstructed during development, usually because of 
ureteric atresia. 


Value of diagnostic puncture 

As we have already noted, the diagnosis of renal 
cystic dysplasia can often be made with reasonable 
certainty on urography or ultrasound. As a prelim- 
inary to removal of the kidney these are quite 
sufficient. However, it may not be possible by these 
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Fic. 15. 


Diagrammatic representation of renal cystic dysplasia 

showing branching tubules which terminate in cysts and are 

connected to some normal nephrons. (Reproduced with 
permission from Potter, 1972). 


methods to distinguish with certainty between cystic 
dysplasia and severe unilateral hydronephrosis, and 
if surgery is to be deferred until a more suitable age 
there is some value in achieving a positive distinction 
between these two conditions. Multicystic kidney 
requires no immediate treatment except where the 
mass effect is a problem, as in our Case 5. However, 
in view of the suggestion that cystic dysplasia may 
cause hypertension (Javadpour et al., 1970), many 
clinicians would probably prefer the kidney to be 
removed eventually. 

Infection, which may occur in neonatal hydro- 
nephrosis, is at present presumed unlikely where 
there is ureteric atresia. We believe that there are 
therefore advantages in using renal puncture as an 
ultimate arbiter in cases of doubt. The absence of a 
collecting system is suggestive, and the opacification 
of tubules is, we believe, pathognomonic of cystic 
dysplasia. In Case 5 the cysts were so large that it 
was impossible to be sure that there was no renal 
pelvis and only the opacification of tubules on punc- 
ture made it possible to distinguish this from 
hydronephrosis. 


Other aspects of cystic dysplasia 

Only one of our cases, Case 1, showed the changes 
in the opposite kidney which have been described by 
other authors (Greene et al., 1971; Newman et al., 
1972). In Case 4 the contralateral kidney did not 
opacify at urography and the nature of the pathology 
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in this kidney has not been determined but in view 
of the fact that the kidney showed good uptake of 
DMSA and has maintained good function, no 
further investigations were carried out in the neo- 
natal period. None of the three cases we investigated 
with isotope scans showed any significant uptake of 
nuclide in the dysplastic kidney, probably owing to 
the relatively small number of normal nephrons in 
these kidneys. 
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ABSTRACT 

Meconium Ileus Equivalent is a condition which occurs in 
patients with cystic fibrosis where the ileum becomes ob- 
structed by bowel content of abnormal consistency. Inter- 
current chest infection or absence of pancreatic extract 
supplements are often the exacerbating cause. Plain films 
of the abdomen show small bowel obstruction and in some a 
nodular pattern in the small bowel, the nodules being larger 
than those seen in quiescent cystic fibrosis. Gastrografin 
enemas and/or enemas with acetyl cysteine can be used in 
the treatment of the condition, the Gastrografin having the 
advantage of confirming the diagnosis radiologically. 

The condition is important as it can be the presenting 
feature of cystic fibrosis in childhood and even in early 
adult life, and the operative mortality and morbidity are 
high. Conservative treatment should be pursued vigorously 
and operation only undertaken if unavoidable. 


Meconium Ileus Equivalent was first described by 
Rasor and Stevenson (1941) and strictly speaking is 
limited to obstruction of the terminal ileum by 
"putty"-like material; but the diagnosis is often 
applied to patients with cystic fibrosis also, who have 
abnormal intestinal contents, partially or completely 
obstructing the small bowel. This condition is 
probably becoming commoner due to increased sur- 
vival of patients as a result of more intensive therapy 
of chest infections. 

Whilst most of the patients presenting with this 
condition are children with known cystic fibrosis, 
the condition has been described as the presenting 
feature of cystic fibrosis in adults. This paper de- 
scribes four children who developed Meconium 
Ileus Equivalent, two as a presenting feature of the 
condition, one who developed the condition ten 
years after the initial presentation with Meconium 
Ileus in the neonatal period and one for whom this 
was a complication of the already diagnosed cystic 
fibrosis. 


Case 1 

This patient presented at five days of age with a history of 
vomiting every feed but no bile and not passing meconium. 
A rectal wash-out had produced a thin mucus plug. The ab- 
domen was distended and a plain film showed evidence of 
small bowel obstruction. At laparotomy the appearances 
were shown to be those of Meconium Ileus with the terminal 
ileum obstructed by abnormal bowel content and the ileum 
proximal to this was brought out as an ileostomy. Oral pan- 
creatic enzyme was started. ‘The ileostomy was closed at four 
months of age. The patient had repeated chest infections but 
no further bowel upset until ten years of age, when he pre- 
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sented with abdominal pain, and a mass in the right iliac 
fossa, and plain films of the abdomen showed small bowel 
obstruction with a faecal mass in the right side of the ab- 
domen. The patient was treated with oral Pancrex and 
Gastrografin enemas. Figure 1 shows Gastrografin study of 
the terminal ileum with thickened folds and nodules in the 
terminal ileum. After three days with increasing abdominal 
distension, a laparotomy showed adhesions and obstruction 
of the terminal ileum by faecal material. An ileostomy was 
fashioned and wash-outs of the bowel through the ileostomy 
were performed over a period of several days. After a stormy 
post-operative course, including the development of a pelvic 
abscess, the ileostomy was eventually closed and the patient 
has had no recurrence of the abdominal sysmptoms since 
his Pancrex dose was increased. Whilst there was no history 
of reduction of Pancrex prior to the obstruction, decrease in 
relative dose due to growth of child may have contributed to 
the intestinal obstruction. 


C'ase 2 

This patient presented at four years old because of failure 
to thrive. No cause was found. The sweat test at this time 
was reported normal, but a repeat was suggested for tech- 
nical reasons. Before this repeat has been carried out she 





Fic. 1. 


Gastrogratin study of the distal small bowel through a 
double-barrelled tleostomy showing coarse mucosal folds in 
the ileum and abnormal bowel content distending the ileum. 
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presented with abdominal pain and abdominal distension. 
On examination a mass was palpable in the right iliac fossa 
and there was visible peristalsis. A plain abdominal radio- 
graph (Fig. 2) showed faeces in the large bowel and a mass 
in the right iliac fossa with small bowel obstruction. Coarse 
nodular shadowing in the gas-filled bowel, in the left upper 
quadrant, was also seen. Gastrografin enemas and oral 
acetyl cysteine were administered which relieved the ob- 
struction and there has been no recurrence of the abdominal 
symptoms. A repeat sweat test showed an elevated sodium 
lev el, diagnostic of cyst fibrosis. 


Case 3 

This patient presented at age 11 and was known to have 
had cystic fibrosis since the age of three. She had been taking 
Pancrex orally since diagnosis, and there was no history of 
recent change in the dose. She presented with a mass in the 
right iliac fossa and abdominal distension of several months’ 
duration. Investigation by a general surgical team had in- 
cluded barium meal and follow-through and barium enemas. 
and diagnoses of tuberculosis, Crohn's disease and appen- 
dix abscess were all considered. In view of her known cystic 
fibrosis the diagnosis of Meconium Ileus Equivalent was 
thought to be more likely, and she was treated with acetyl 
cysteine enemas and oral acetyl cysteine, which resolved the 
abdominal mass. This mass has since recurred on several 
occasions but on each occasion has responded to increased 
oral acetyl] cysteine. 





Fic. 2. 


Supine abdomen showing dilated small bowel due to ob- 
struction. Note the nodules in the bowel in the left hypo- 
chondrium and the faecal mass in the right lower abdomen. 





Case 4 

This patient had presented at the age of two years and six 
months with recurrent rectal prolapse and failure to thrive. 
During the investigation she developed bile-stained vomiting, 
constipation and abdominal distension. A plain film of the 
abdomen at this stage (Fig. 3) showed obstruction of the 
small intestine and a faecal mass in the right iliac fossa. 
‘There were also coarse nodules in the bowel in the left hypo- 
chondrium. At laparotomy the following day the terminal 
ileum was found to be obstructed by faecal material. These 
contents were expressed into the colon manually and Gastro- 
grafin was instilled via the rectum into the colon at operation. 
Her bowel actions returned to normal in five days but she 
developed a severe chest infection and over the following 
six weeks deteriorated and died. 


DISCUSSION 

The plain film changes in these patients show a 
bubbly, granular appearance, predominantly in the 
right side of the abdomen, with dilated small bowel 
and fluid levels due to small bowel obstruction. 

Two patients quite clearly showed coarse, nodular 
shadows attached to the mucosa in the left hypo- 
chondrium. The cause of these is uncertain, but they 
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Fic. 3. 


supine abdomen showing a faecal mass in the lower abdo- 
men and small bowel obstruction. 
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almost certainly lie in the small bowel, as the large 
bowel at this site is full of faeces rather than gas in 
these patients. They may represent the coarse muco- 
sal pattern described in the jejunum exaggerated by 
the presence of intestinal obstruction. They appear 
so large that it scems unlikely that they represent the 
dilated goblet cells thought to be the cause of the 
small nodules seen in quiescent cystic fibrosis 
(Bartram and Small, 1971). Although only seen in 
two patients, it may be that the nodular appearance 
in the proximal small bowel is a helpful sign of 
Meconium Heus Equivalent. 

For confirmation of the diagnosis a contrast enema 
is the method of choice. Gastrografin is preferred to 
barium as it not only confirms the diagnosis but may 
help to relieve the obstruction by drawing water into 
the lumen of the bowel and by its action as a wetting 
agent. The enema can be repeated several times until 
obstruction is relieved. A contrast enema will also be 
helpful in excluding the other possible causes of 
these symptoms, including intussusception, itself a 
well-known complication of cystic fibrosis (Caffey, 
1979). Cases have been described in which these 
two conditions co-existed (Snyder and Gwinn, 
1964). The enema may also demonstrate the nodular 
changes of cystic fibrosis in the large bowel. Wein- 
stein et al. (1968) reviewed a series of patients with 
Meconium Ileus Equivalent; only 579%% of their series 
had classical large bowel appearances of redundant 
folds and marginal filling defects. Under the age of 
five, this was only 1197 which may explain the lack 
of large bowel lesions seen on contrast enemas in our 
cases where two of the patients were wader the age 
of five. Thirty-eight per cent of WeinStein's series 
had abnormal small bowel appearances, and this was 
not age-related. Only one of our patients had an 
adequate demonstration of the small bowel, which 
showed thickened folds with small nodules, as de- 
scribed by other authors. 

A contrast meal is not usually helpful in the acute 
phase, and the use of barium is absolutely contra- 
indicated as it will only aggravate the obstruction 
without providing any relevant information. The 
importance of making the diagnosis early and in- 
stituting treatment with oral acetyl cysteine or 
acetyl cysteine and/or Gastrografin enemas is 
exemplified by Case 1, for whom surgery was neces- 
sary because obstruction was not relieved by Gastro- 
grafin enemas, and Case 4 who was operated upon 
without prior enema. Following surgery they had 
very stormy and lengthy post-operative courses, and 
the fourth patient died of chest complications. This 
is in keeping with the experience of others (Hodson 
et al., 1976), who reported three patients who needed 
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operation, of whom one died and the other two had 

serious post-operative complications. 

Several factors are thought to trigger-off Meco- 
nium Heus Equivalent. Most commonly an inter- 
current chest infection or stopping of the oral pan- 
creatic enzyme supplement are implicated (Fisher, 
1954). These will affect the consistency of the bowel 
content and cause obstruction. The obstruction most 
commonly occurs in the terminal ileum where cir- 
cular folds are deficient and where, even in normal 
patients, the small bowel content is at its most solid 
(Garnham and Carter, 1964). Two of our cases were 
not receiving oral pancreatic enzyme, and this 
probably explains their presentation. In one of the 
others there is some evidence that the dose of pan- 
creatic supplement he was receiving prior to ob- 
struction had not been sufficiently increased as he 
grew in size. The cause in the remaining case 1s ob- 
scure. At first sight it would seem unusual that 
Meconium lleus Equivalent occurs so rarelv in 
patients who have had Meconium Ileus in the neo- 
natal period, our Case 1 being one of very few de- 
scribed in the literature. This is not because the 
prognosis of the chest complications of patients pre- 
senting earlier with Meconium Ileus is any worse, 
but probably because the aetiologies of Meconium 
Heus Equivalent and Meconium Ileus are different. 
It has been shown (Thomaidis and Arey, 1963) that 
there are severe changes in the mucous glands of the 
bowel in Meconium Heus, with pancreatic function 
playing little if any part. In contrast, Meconium 
Ileus Equivalent is thought to be related much more 
to abnormality of pancreatic enzymes, This is borne 
out by the frequent history of cessation of pancreatic 
extract supplements immediately prior to the de- 
velopment of Meconium lleus Equivalent. 

The condition is relatively uncommon but it is 
important that it is recognized for several reasons. 
These are: 

(1) It is a potentially lethal complication of cystic 
fibrosis. 

(2) The operative mortality and morbidity are very 
high. 

(3) As cystic fibrosis patients are surviving longer, 
the condition will present beyond the paediatric 
age range; also, in adults the sweat test is un- 
reliable for the diagnosis of cystic fibrosis, and a 
negative test does not rule out the condition 
(Weinstein et al., 1968). 
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Book review 


A Textbook of Radiology and Imaging. Ed. by David Sutton, 
3rd edit., pp. xv-+1140+ Index, 1980 (Churchill Living- 
stone, Edinburgh), £65-00. 

ISBN 0443-01700X 

The first edition of this British textbook was published in 
1969. A second edition appeared in 1975 and now a much 
awaited third edition has been published. There are seven 
sections as before, with three new contributors and a new 
section on non-radiological imaging of six chapters with 
seven contributors. Accordingly, the title has been changed 
to include imaging, there is a larger page size and it may now 
be purchased as a single volume or as two volumes. Diag- 
nostic imaging has become more wide-ranging during the 
last five years and Dr. Sutton and his co-authors have at- 
tempted to bring together all branches of the subject into one 
book. 

À book of such size and scope presents certain problems 
to the reviewer. Firstly, there is an acute awareness that no 
one reviewer can do justice properly to so many different 
topics and he may well concentrate more critically on those 
which are of particular personal interest. Secondly, as this is 
the standard textbook of British radiology used by students 
preparing for higher qualifications, there is a responsibility 
to assess its value in this role. 

The revised first seven parts remain a mine of valuable 
information which in the main is accurate, although there 
are some errors which can be attributed to lapses in proof 
reading. In general terms it is authoritative, comprehensive 
and precise, although some chapters do not reach as high 
a standard of content, balance and clarity as others. Despite 
the claim by the publishers that the new edition has been 
completely revised and brought up to date, this is not en- 
tirely true throughout the book. The new contributions on 
skeletal disorders of metabolic and endocrine disease, em- 
bryology and anatomy of the heart, congenital heart disease 
and mammography are excellent. Although the chapters on 
bone and joint disease remain good, there 1s nothing really 
new. For example, fuller descriptions of joint prostheses and 
their associated. problems would have been welcomed. 
Again, in the chapters on chest disease the little used bron- 
chial arteriography is illustrated, but there is no full descrip- 
tion of the technical aspects or the anatomical and patho- 
logical considerations of mediastinal and lung tomography. 
Such examinations are performed daily in most X-ray 
departments. ''here are new illustrations but there are also 
old ones, some of which are of doubtful quality, and others 
repeated in the present edition have been reduced in size 
with some loss of information. Once again, too often there 1s 
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the distracting separation of an appropriate illustration from 
the text, and small errors present in the 2nd edition have 
been repeated. Such criticism would be unnecessary if a 
little more care had been taken by the publishers. 

Perhaps the main question to be answered is whether the 
addition of a separate new part on imaging to a revised 2nd 
edition has been successful. The authors and publishers 
must have been faced with the dilemma of publishing in the 
present format or delaying publication in order to produce a 
completely new textbook of integrated diagnostic imaging. It 
was presumably a decision taken with regard to time and 
timing. The six new chapters are excellent. The contribu- 
tors are experts in their own particular fields and the reader is 
given basic information on the technical aspects of the in- 
vestigations followed by a comprehensive account of their 
role and value in clinical diagnosis and patient management. 
All these chapters are illustrated to a high standard. How- 
ever, the present format does not really work. 

When reading the first seven parts of the book, time and 
time again one asks the question— What would be the role of 
ultrasound, radioisotope scanning and computerized to- 
mography in the diagnosis of this or that tumour or disease 
process? In mpst chapters this information can only be ob- 
tained by resiiited reference to the end of the book or even 
the compart volume. At best, this can be irritating and is 
frequently frustrating. Some contributors have, however, 
successfully managed to integrate the newer techniques into 
their texts. Echocardiograms, for instance, are included in 
the excellent chapters on the embryology of the heart and 
congenital heart disease. The five chapters on acquired 
heart disease would have gained by including echocardio- 
grams. Ultrasound is introduced into the chapter on the 
acute abdomen but inexplicably there is no real mention of 
ultrasound or radioisotope scanning in the chapter on the 
biliary tract, particularly in that section on the investigation 
of jaundice. Similarly, the otherwise good chapters on the 
urinary tract undoubtedly suffer by not including the role of 
these new imaging techniques in clinical problem solving; 
for example, in renal failure, diagnosing space-occupying 
lesions etc. 

Every reviewer feels a responsibility to make such com- 
ments, particularly about a book which presents British 
radiology to the English-speaking world. Nevertheless, it is 
a good book providing most of the essential information for 
a sound framework of radiological knowledge. It is well 
worth owning and should be made available in training 
departments of diagnostic imaging. 







JouN WILLIAMS. 
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ABSTRACT 

Radiological findings in 30 patients with proven prolactin- 
secreting pituitary adenomas, originally diagnosed exclu- 
sively by endocrine criteria, have been reviewed. Conven- 
tional tomography was the examination most often abnormal 
(5075), and changes or lack of changes corresponded to the 
state of the pituitary fossa as noted at operation in 9395. 
Tomographic abnormalities indicated the site of the tumour 
in 8695. Plain films were less sensitive (2795 abnormal) 


although the changes reported were all confirmed during the 
surgical procedures. Although cavernous sinography and 
C'T rarely yielded positive information unless either plain 
films or tomograms were abnormal, each may have a place in 
the assessment of a patient before operation: sinography to 
ensure that there is no significant anomaly of the carotid 
artery at the level of the pituitary fossa; C'T scan to exclude 
a hypothalamic lesion or to detect an associated suprasellar 
tumour extension or intrasellar cisternal herniation. Stra- 
tegies for the radiological investigation of patients suspected 
of having a prolactin-secreting pituitary tumour are 
proposed. 


Only a proportion of patients with amenorrhoea, 
infertility, galactorrhoea and hyperprolactinaemia 
have an adenoma within the pituitary gland. Even 
after cases secondary to drugs or such disorders as 
hvpothyroidism, renal failure or hypothalamic- 
pituitary stalk lesions have been excluded, the source 
of the elevated prolactin may be a diffuse abnormality 
of the control of pituitary secretion, and not a dis- 
crete tumour. This distinction is important because, 
although medical treatment is available for all forms 
of hyperprolactinaemia, operation is appropriate 
only in cases with tumours. Conventionally, detec- 
tion of a tumour, and therefore selection of patients 
for operative treatment, depends upon radiological 
methods such as plain radiology, conventional and 
computed tomography and cavernous sinography. 
Because of this it has usually been possible to com- 
pare surgical and radiological findings onlv in 
patients considered to have abnormal results. We 
had the unusual opportunity to study a series of 
patients with prolactin-secreting pituitary adenomas 
who were selected for surgery purely on the basis of 
endocrine criteria, irrespective of the presence or 
absence of radiological abnormality. This has en- 
abled us to assess the accuracy of radiological tech- 
niques and their usefulness in the investigation of 
this disorder. 


PATIENTS AND METHODS 

Radiological studies were performed on 30 women 
with hyperprolactinaemia who were considered, on 
the basis of clinical and endocrine features reported 
previously (Cowden et al., 1979) as being likely to 
have a prolactinoma. No patient had clinical evidence 
of visual field impairment. Each patient was studied 
by plain radiology, tomography, cavernous sino- 
graphy and computed tomography (CT). 

Lateral and frontal skull views were taken. Tomo- 
graphic cuts of 1.4 mm thickness were made at 3 mm 
intervals, using a simple linear movement in both 
sagittal and coronal planes. Cavernous sinography 
was performed via a frontal vein and using sub- 
mento-vertical and subtraction views (Macpherson, 
1981). Axial CT scanning of the pituitary region was 
performed before and after enhancement with intra- 
venous contrast (50 ml). The high definition mode 
was used and either a 5 or 10 mm collimator, 
Carotid angiography was performed in one patient in 
whom sinography had suggested a medially curving 
carotid artery. Two patients had basal cisterno- 
graphy in order to define the size of a suprasellar 
extension which had been shown by CT. 

Each patient underwent trans-sphenoidal micro- 
surgical exploration. During the operation the 
surgeon noted the state of the anterior wall and the 
floor of the pituitary fossa. In each patient a discrete 
adenoma of the pituitary was identified and con- 
firmed by histology. At the end of the operation the 
site and size of the tumour were recorded on dia- 
grams. 

Each type of radiological examination was re- 
viewed without reference to the results of the other 
studies and then compared with the surgical findings. 
The plain films and tomographic findings were first 
compared with the report of the state of the bony 
fossa as noted at operation, and then to the diagrams 
of the tumour site and size for localization assess- 
ments. The cavernous sinogram and CT reports 
were compared only with the diagrams. An analysis 
was then made to determine the value and reliability 
of each radiological technique in indicating the 
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TABLE I 
RELATION OF RADIOLOGICAL RESULTS TO SURGICAL FINDINGS 









Plain film 





Normal not confirmed 


5 
Normal confirmed 17 
Abnormal confirmed 8 
Borderline confirmed 0 
Borderline not confirmed 0 
Abnormal not confirmed 0 


mamasamain = a AAAA Eiana Naman DE anaana maen, e EO tM 


Lad 
c 


‘Tomography 


PAR s | Si Pat E EE 










Computed tomography 


25 
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* Although there was no surgical confirmation, the tumour did lie in relation to the area considered to be eroded. 
tAlthough there was no surgical confirmation of lateral tumour extension the tumour did lie adjacent to the site considered to 


be abnormal in three cases. 


presence of a tumour and in accurately identifying 
its site within the gland. 


RESULTS 
The results are summarized in Table I. 


Radiological criteria for abnormality and correlation 
with surgical findings 

Plain film appearances. The pituitary fossa was 
considered to be abnormal if it showed either general 
enlargement, localized bulging, localized thinning 
and/or erosion of the lamina dura. The so-called 
"double floor" appearance on the lateral view was 
not regarded as an abnormality because many normal 
fossae show multiple lines of lamina dura, depending 
on their contour, That such multi-flooring was due 
to a normal concavity or convexity was usually 
appreciated from the frontal views, which were also 
useful in showing whether the junction of the 
sphenoid sinus septum with the floor of the fossa had 
an emarginate appearance, another cause of apparent 
multi-flooring. The frontal view was used to confirm 
that a depression was pathological by demonstrating 
that it had produced a sharp lateral edge to the floor 
of the fossa. 

An abnormality was seen on plain films in eight of 
the 30 cases; generalized enlargement (#=8); 
localized bulging (n==6). In each of these cases the 
radiologically identified abnormality was confirmed 
by the surgeon’s observations during operation but 
in an additional five patients, although no abnormal- 
ity was seen on plain films, a distinct abnormality 
was identified at operation. There was therefore an 
8294 agreement between radiological findings and 
the surgeon’s observations of the fossa. 

Tomography. The criteria for identifying abnor- 
malities on the tomograms were similar to those 
applied to the plain films. Changes interpreted as 
definitely abnormal were seen in 13 patients; these 
included the eight patients with abnormal plain 
films. Local erosions were seen in four; local bulges 
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in seven and erosions plus bulges in two. The radio- 
logical abnormality correlated with the appearance of 
the fossa as observed at operation in 12 of these 
cases. In one case the region which appeared 
abnormal radiologically was considered by the sur- 
geon to be within normal limits but proved, in fact, 
to be closely related to the position of the tumour in 
the gland. Two patients showed what were regarded 
as borderline changes; one had a slight localized 
bulge anteriorly on the right without thinning of the 
lamina dura and the presence of an abnormality was 
confirmed at operation. The other had bowing back 
of the dorsum as the sole abnormality but only a very 
small tumour (3 mm) was found, located in another 
part of the gland. In 15 patients in whom tomo- 
graphy appeared completely normal the surgeon's 
opinion was in agreement. 

In summary, in 28 patients (9395) the results of 
the radiological examination were in agreement with 
the surgeon's findings. Moreover, the abnormalities 
which the surgeon discovered in five patients with 
normal plain films were clearly shown in these 
patients' tomograms. 


Value of plain films and tomography in localizing the 
tumour 

The localization of the tumour inferred from the 
plain film abnormalities was confirmed in seven of 
the eight cases. The abnormality seen in the anterior 
wall of the final patient was caused by partial intra- 
sellar cisternal herniation. 

Of 13 patients with confirmed tomographic 
abnormality, this was closely related to the site of the 
tumour in 12, the other being the intrasellar cisternal 
herniation referred to above. One of the borderline 
erosions, not confirmed at surgery, was directly 
related to the tumour position; however, in the other 
case with bowing of the dorsum, a small 3 mm 
central tumour was found. The overall correlation 
was correct in 13 out of 15 (86%). 
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Correlation between abnormalities and tumour size 

There was a clear tendency for radiological 
abnormalities to be associated with larger tumours. 
This is illustrated in Fig. 1. In 16 patients whose 
prolactinoma was estimated to be less than 5 mm in 
diameter, an abnormality was seen in only two (1295). 
By contrast, radiological abnormalities were present 
in 11 of the 14 patients with larger tumours (7894). 
Thesmallest tumour which produced an abnormality 
on tomography was 3 mm in diameter, and the 
largest with normal appearances measured 8 mm. 
That there is such overlap presumably reflects the 
importance of the position of the tumour in relation 
to the wall of the pituitary fossa in determining 
whether bone changes are produced. 


Cavernous stnography 
The cavernous sinogram was considered to be 





Maximum 
Tumour 
Diameter 
in mm. 
A - Normal and Borderline Non 
Confirmed" Tomograms 
(n-17 Mean Diameter 4-2mm) 
B = Normal Plain Films with Confirmed 
Abnormal Tomograms 
Cn=25 Mean Diameter 6-S5mm) 
C = Abnormal Plain Films 
Cnag Mean Diameter 6 8mm) 


OSmm Tumours Excluded ) 


Fic. 1. 


The relationship between tumour size and plain film and 
tomographic abnormalities. 


abnormal if there was a local indentation into the 
medial wall of the sinus. Such an impingement was 
considered to be present in nine cases. In five of 
these a laterally projecting tumour was identified 
during the operation; in three the tumour lay ad- 
jacent to the region thought to be abnormal but in 
one the tumour was in another part of the gland. 

In 21 cases, cavernous sinography was considered 
to be normal. In 14 of these the surgeon found the 
tumour to lie centrally in the gland; in four the 
tumour lay laterally but was not bulging laterally, 
while in the remaining three a small impingement 
into the cavernous sinus was noted at operation. 
Sinography demonstrated an impingement into the 
cavernous sinus in only one patient whose plain 
films and tomograms were normal. The overall 
agreement based on the surgical findings, as to 
whether or not sinography would have been expected 
to show abnormality was 76%. 

In an additional six cases, although there was no 
obvious impingement into the cavernous sinus, 
there was bowing of either the inferior or posterior 
intercavernous sinus, but in only one instance was 
this appearance related to an adjacent tumour. 


Computed tomography 

The CT appearance was considered to be ab- 
normal if there was enlargement of the fossa and/or 
altered density in the sellar or perisellar region on 
either the plain or post-contrast scan. An abnormal- 
ity was seen in five cases. One patient showed an 
area of calcification within the pituitary fossa, 
another had a soft tissue mass projecting into the 
sphenoid sinus and in two the fossa was slightly 
enlarged with evidence of a soft tissue mass, both in 
the fossa and in the suprasellar cístern. Neither of 
these patients had visual impairment. The validity of 
these appearances was confirmed at operation in each 
of these four patients. In a further patient who 
appeared on CT to have a tumour in the left of the 
pituitary gland, the lesion was found at operation to 
be on the right. C'T abnormalities were identified in 
only five cases (1692) and were misleading in one of 
these. 


DISCUSSION 

The results of this detailed analysis confirm that a 
patient with hyperprolactinaemia may have a pro- 
lactinoma without any identifiable radiological 
abnormality. On the other hand, endocrine criteria 
are not an infallible method of detecting these 
tumours (Teasdale et al., 1980), and the value of 
these tests is a matter of dispute (Anon., 1980a: 
Anon., 1980h). Radiological methods are therefore 
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likely to continue to be important in the investiga- 
tion of this disorder, irrespective of whether it is 
treated by medical or surgical methods. Because the 
patients in the present series were selected for 
exploration on endocrine grounds, it is possible to 
determine how closely minimal radiological abnor- 
malities were reflected in operative findings, both in 
terms of confirmation of the presence of abnormali- 
ties and also in the localization of a small tumour. We 
shall discuss the results of each radiological tech- 
nique in turn and then suggest a protocol for radio- 
logical assessment of patients with hyperprolactin- 
aemia. 


Plain films 

It is clear from our results that a microadenoma 
may produce endocrine disorders before it 1s large 
enough to cause generalized enlargement of the 
fossa and there is agreement that measurements of 
sellar area and volume are not reliable indicators of 
the presence of a pituitary microadenoma (Newton 
and Richmond, 1980). We found an abnormality on 
plain films in 27%, of patients, but in a further 1795 
plain films failed to identify pituitary fossa abnor- 
malities which were discovered by tomography and 
confirmed at surgery. On the other hand, in each 
patient in whom we identified an abnormality of the 
fossa on plain films, the appearances were confirmed 
at surgery. Plain film changes can thus be a useful 
indication, both of the presence of a tumour, and 
that it is of sufficient size to show abnormalities in 
other investigations. In previous reports the in- 
cidence of abnormality on plain films in patients 
with prolactinomas has ranged from 30-50% 
(Vezina and Sutton, 1974; Robertson and Newton, 


1978). 


Tomography 

With linear tomography we found an abnormality 
that could be confirmed at surgery in 43°, of the 
present series. In one further patient a radiological 
abnormality was present which was related to the 
site of the tumour even though the surgeon con- 
sidered the fossa to be normal. The 43°, incidence 
of abnormal tomography is much lower than that of 
95-1009, reported in previous studies (Richmond et 
al., 1980; Robertson and Newton, 1978; Vezina and 
Sutton, 1974). This relatively low incidence of 
abnormalities is almost certainly accounted for by 
patients in this series having been selected for 
exploration on endocrinological grounds and so con- 
taining more patients with small tumours than in 
previous reports. In our series the mean diameter of 
the tumour in patients whose tomograms were 


abnormal was 6.7 mm, as compared to 4.2 mm in 
those whose fossa was normal. In a series reported by 
Newton and Richmond (1980), 47%, of the tumours 
were greater than 10 mm in diameter, while Bernas- 
coni et al. (1980) explored the fossa only in patients 
with tomographic abnormality and the smallest 
tumour they found was 5 mm in diameter. 

Multi-directional tomography has been recom- 
mended by many authors but was not available to us. 
However, Swanson and du Boulay (1975) reported 
that changes supposedly characteristic of a pituitary 
tumour could be found on the tomograms of 16% of 
normal subjects. They suggested that hypocycloidal 
tomography was even more likely than linear tomo- 
graphy to show insignificant, borderline variants. 
The significance of these changes is in debate. 
Swanson and du Boulay concluded that their in- 
cidence was too high to be due to unrecognized 
pituitary tumours. However, microadenomas are 
present in a surprisingly high proportion of pituitary 
glands when studied in routine post-mortem series 
(Costello, 1936), although there is a poor correlation 
between the presence of these lesions and local 
radiological abnormalities (Burrow et al., 1981). 

The high correlation found in our series between 
the location of radiological changes, either on plain 
films or tomography, and the position of the tumour 
confirms previous reports (Bernasconi et al., 1980; 
Newton and Richmond, 1980). The reliability of 
these changes clearly make them a useful guide to 
the area that should be the focus of exploration at 
operation. 


Cavernous sinography 

When the cavernous sinogram was abnormal the 
tumour was on the same side as the impingement in 
a high proportion of cases (90%). In most of these 
patients there was a lateral extension of the adenoma. 
However, the sinogram was normal in other patients 
who had either small lateral extensions or laterally 
placed tumours. A positive result, therefore, can 
localize the lesion, but a negative one does not 
exclude lateral extension. 

Théron et al. (1979) reported that bowing of either 
the inferior or posterior intercavernous sinuses was à 
useful indication of the presence of a pituitary 
adenoma. Their report does not state whether this 
observation was confirmed at surgery. In our series 
we were unable to relate these appearances to the 
presence of an adjacent tumour. 

As tomography was abnormal in all but one of the 
cases with cavernous sinus abnormality, sinography 
does not contribute appreciably to the detection of a 
microadenoma. However, it does identify positional 
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Exclude non-pituitary causes e. g. renal failure; hypothyroidism 


Preferred Treatment 


— 








iaa m 












Medical Operation 
VER PLAIN X-RAY 
PLAIN X-RAY TOMOGRA PHY 
Normal Borderline Abnormal Normal "Tr 
TOMOGRA PH Y disse CT SCANNING 
ires E VENOGRA PH Y 
Pu mee p di 
Normal Abnormal Normal Abnormal 
Treat A 
with m dm i 
Bromocriptine [ scANNING | Treat Consider 
with 4 
Normal d dn Bromocriptine ANGIOGRAM 
CISTERNOGRAM 
NS 
Operation Operation 
Fic. 2 


Suggested protocol of radiological investigation of prolactin secreting microadenomas based on preferred treatment. 


abnormalities or aneurysmal dilatation of the 
carotid arteries and can therefore be used as an 
alternative to carotid angiography in the assessment 
of patients selected for operative treatment. 


Computed tomography 

Demonstration of a pituitary. microadenoma by 
CT depends on the equipment and format used, as 
well as on the size and density of the lesion. In our 
series the only completely intrasellar tumour de- 
tected by CT was identified because it was calcified. 
CT gave information additional to that provided by 
tomography only in the two cases that showed 
suprasellar extension, both of whom had abnormal 
plain films. Others (Belloni and Maira, 1980; 
Leonardi et al, 1980; Syvartsan et al., 1979) have 
claimed to be ble to diagnose inteasellir pituitary 
microadenomas by CT but few have obtained 
accurate corroboration of their findings; in many 
cases it is difficult to distinguish the normally en- 
hancing infundibulum from the supposed tumour. 
Our experience accords with that of Richmond et al. 
(1980) who stated that with their equipment they 
could not demonstrate either intra- or parasellar 
structures in sufficient detail to show a small tumour, 

Although CT scanning may not diagnose the 
microadenoma it may still be useful in selected 
patients in order to exclude a hypothalamic lesion 
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and to identify possible cases of intrasellar cisternal 
herniation (ISC H). It should also be performed when 

a patient with an obviously abnormal fossa is treated 
medically, because it will sometimes show a supra- 
sellar lesion even in the absence of changes in the 
visual fields. Such patients may be those at greatest 
risk of visual failure should pregnancy be achieved. 


Pneumo-encephalography/basal cisternography 

Basal cisternography/ ventriculography (Macpher- 
son, 1980) was performed in two of our patients in 
order to assess the suprasellar extension demons- 
trated by CT. In a total experience now of over 40 
patients with prolactinomas only once has intrasellar 
cisternal herniation (ISCH) been obvious at opera- 
tion and it did not prevent removal of the tumour. 
Although others (Richmond et al, 1980) have 
reported that ISCH can be detected by air studies or 
cisternogram in 24%, of patients with prolactinoma, 
we have not included this investigation as routine. In 
this series the finding of such an abnormality would 
not have influenced the decision whether or not to 
operate because this was taken on endocrinological 
grounds. 


CONCLUSIONS AND RECOMMENDATIONS 
If careful assessment of plain films or tomograms 
from a patient suspected of having a prolactinoma 
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shows either localized erosion or bulge in the pituitary 
fossa, these are reliable signs of the presence of a 
tumour, and usually also of its site. Cavernous sino- 
graphy on the other hand is of no additional value in 
the detection of small tumours but may be useful in 
order to assess the state of the carotid arteries pre- 
operatively. Likewise, CT' is useful only in larger 
tumours where it may show suprasellar extension 
and need only be performed for this purpose when 
plain films are abnormal. However, it is probably 
prudent to advise pre-operative CT to exclude other 
pathology. The extent of radiological investigation 
which is appropriate depends upon whether the 
patient is to have medical or surgical treatment, and 
we propose a protocol, as illustrated in Fig. 2. 
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ABSTRACT 
The theoretical risk of injuring the vertebral artery or 
anomalous vessels at lateral cervical puncture is assessed. In 
just less than 30°), of vertebral arteries the vessel overlies the 
lateral aspect of the spinal canal between the first and second 
cervical vertebrae, usually the antero-inferior quadrant. 
Directing the spinal needle to the posterior third of the 
canal virtually eliminates the possibility of injuring this and 
most anomalous arteries traversing the region. The likeli- 
hood of inducing subarachnoid haemorrhage by injuring 
these vessels would appear to be considerably less in lateral 

cervical than in cisternal puncture. 


The acceptance of a water-soluble contrast medium 
for cervical myelography has led to the widespread 
use of lateral cervical puncture between the first and 
second vertebrae (Cl-2) in appropriate cases. 
Images of the cervical cord, nerve roots and sub- 
arachnoid vessels are generally better when water- 
soluble contrast medium is introduced by this route 
than when it is transported from the lumbar region. 
The puncture is performed by advancing a 22 gauge 
lumbar puncture needle horizontally from the lateral 
side of the neck towards the posterior third of the 
spinal canal, using intermittent fluoroscopy where 
necessary to check the position, until the dura is 
punctured and cerebrospinal fluid obtained. 
Personal experience and that of other workers 
(Amundsen and Skalpe, 1975; Skalpe and Amund- 
sen, 1975; Sackett et al., 1977; Sackett, 1978) has 
shown the lateral cervical puncture to be a simple 
and, in practice, safe approach to the subarachnoid 
space, Notwithstanding, there is a theoretical risk of 
injuring the spinal cord and any significant blood 
vessels traversing the region. On vertebral angio- 
grams anomalous arteries are occasionally shown 
within the theca at the C1-2 level and here the 
vertebral artery itself may overlie the lateral aspect 
of the spinal canal. With the increasing popularity of 
lateral cervical puncture among general radiologists 
as well as neuroradiologists, we considered it perti- 
nent to assess the incidence of such vessels and hence 
the theoretical risk of puncturing a vertebral artery 
or one of its major branches either lateral to or 
within the spinal theca. Documentation is provided, 


as far as we are aware for the first time, of the 
variation in position of the vertebral artery as it 
overlies the C1-2 space. 


MATERIAL AND METHOD 

Vertebral angiograms performed at the Middlesex 
Hospital and National Hospital for Nervous 
Diseases were surveved. Patients with tonsillar 
depression from any cause were excluded, but other- 
wise the cases were selected only so far as they 
showed the upper cervical region with no more than 
a minimum of head rotation and tilt. A total of 558 
vertebral arteries from 396 patients were examined. 
All vertebral arteries were grouped according to 
their position with respect to the spinal canal at 
C1-2 in the lateral projection; vessels in group 1 lay 
anterior to the canal and those in groups 2, 3 and 4 
overlay the anterior, middle and posterior thirds of 
the canal respectively (Fig. 1). The distribution of 








Fic. 1. 


Usual configuration of the vertebral artery at C1-2 viewed 

from the lateral aspect within each of the four groups defined 

in the text. 1, anterior to canal. 2, over anterior third. 
3, over middle third. 4, over posterior third. 
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arteries within the four groups was related to side in 
489 vessels, to sex in 388 and to age in 126. Finally 
the relationship of the posterior inferior cerebellar 
artery (PICA) to the foramen magnum and atlanto- 
occipital membrane was assessed in 285 angiograms. 


RESULTS 

At C1-2, 72.294, of vertebral arteries lay anterior 
to the spinal canal. Of the remainder, 19.0% overlay 
the anterior third, 7.394 the middle third and 0.9% 
the posterior third of the canal. Figures 2, 3 and 4 
indicate graphically how this distribution was 
affected by considerations of side, sex and age. 

The PICA arose below the foramen magnum in 
8.894. In only two cases was the origin below CI. 
The caudal loop extended below the foramen 


% Vertebral Arteries. 





1 à 3 4 
Groups of Vertebral Arteries. 
Fic. 2. 


Percentage distribution of left and right vertebral arteries 
within four groups defined according to their position with 
respect to the spinal canal viewed from the lateral aspect. 
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females. 


magnum in 14.79; but no loop descended below CA, 
In the 558 vertebral arteries studied, no case of 
fenestration was encountered. 

Other observations regarding extraspinal muscu- 
lar arteries, epidural veins and spinal arteries were 
made incidentally, and they are recorded in the 
discussion which follows. 


DISCUSSION 

Lateral cervical puncture was originally used to 
perform percutaneous cervical cordotomy (Rosomof 
et al., 1965). Its accepted safety led to employment 
of the technique for introducing myelographic 
contrast medium (Kelly and Alexander, 1968). In 
the earlier descriptions the needle was advanced 
towards the anterior third of the spinal canal at 
C1-2 which allegedly reduced the risk of injuring the 
cord as the dura was punctured. To our knowledge 
no neurological complications from the actual 
puncture have been published. 

'The possibility of injuring a major vessel such as 
the vertebral artery has been appreciated (Kelly and 
Alexander, 1968). Because of the intimate associa- 
tion of the vertebral veins, which form a plexus 
around the extra-arachnoid part of the artery, 
arterio-venous fistula is the most frequent complica- 
tion of transfixing these vessels. Bleeding from a 
small puncture wound in the artery lying between 
the foramina transversaria is most unlikely to pass 
along the needle track and enter the theca. However 
within the subarachnoid space at Cl-2 large 
anomalous arteries may be present (Rice, 1979), 
namely, an exceptionally low PICA, and a vertebral 
artery entering the spinal canal below C1 which is 
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Distribution of vertebral arteries by decades. The total 

number of arteries examined is shown on the left and the 

number overlying the spinal canal in the lateral projection 
(shaded) on the right. 
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usuallv associated with fenestration. Serious sub- 


arachnoid haemorrhage is a rare complication of 


cisternal puncture and has also been described 
lumbar puncture (Rice, 197 
subarachnoid 


Blood in the spinal 
known to cerebral 
vasospasm (Echlin, 1971) and this event is a recorded 
1973). 

The vertebral artery frequently presents a dorsal 


space is cause 


complication of myelography (Smith et al., 


curve as it emerges from the transverse foramen of 


(C2 before 


transverse 


again to enter the 


This 


obliquus capitus 


inclining ventrally 


foramen of C1. dorsal curve is 
beneath the 


and in about 30° 


confined inferior 


muscle, of arteries overlies the 
spinal canal and becomes a direct lateral relation to 


it. In the majority, however, the vessel overlies the 
canal and it 1s in this 


likely to be 


lateral cervical puncture (Fig. 


antero-inferior quadrant of the 
region that it is most encountered at 
To avoid injuring 
that the 


posterior third of the 


the vessel, therefore, it is recommended 
needle be directed towards the 
spinal canal, as preferred by other authors (Amund- 
1975; 1978; Rice, 1979), 


Special care should be taken to keep the needle away 


sen and Skalpe, Sackett, 
from the anterior part of the superior border of the 
neural arch of C2. 

In about one patient in 100, the vertebral artery 
will overlie the posterior third the spinal canal. 
Because the artery lies lateral to the canal i moves 
anteriorly when there is rotation of the spine to the 
opposite side. Therefore, by allowing a small amount 
of rotation away from the side of the puncture the 
occasional vertebral artery still at risk should be 
avoided. 

Large dorsal curves in the vertebral arteries at 
C1-2 are 


than the right and in patients over 50 (Figs. 2 and 4), 


morc likely to be encountered on the left 
but the numbers in our study were too small for any 


recommendations to be based on these considera- 


tions. 
intrathecal 


that anomalous 


arteries at C1-2 lie anterior to the dentate ligament, 


Rice has indicated 
and therefore will not be endangered by approaching 
1979). 
However an anomalous PICA mav lie in the middle 


the posterior third of the spinal canal (Rice, 


third of the canal and encroach upon the posterior 
third (Fig. 5). The PICA is far 
encountered in lateral cervical than cisternal punc- 


less likely to be 
ture, In this Series we obser ed that caudal loops of 
the PICA extending below the foramen magnum lie 
invariably in the posterior half of the spinal canal; 
indeed in over 10°,, of vertebral arteries sur, eyed the 
PICA loop lay within 3 mm of the mid-line when 5 
mm or less from the position of the atlanto-occipital 


membrane. That lateral cervical puncture is safer 


J. M. Stevens and B. E. Kendall 


and even easier to perform than cisternal puncture 
has been affirmed by others (Amundsen and Skalpe, 
1975: 1972). 


Though lenestrated vertebral arteries are occa- 


Heinz and Goldman. 


sionally encountered in our routine practice (Fig. 6), 
this This 
considerably lower incidence than the 2.2° 


none was p! 'sent in series, reflects a 


o report ted 








Rig. 5 


Two patients with anomalous postero-inferior cerebellar 
arteries within the spinal canal at C1-2. In a. the vessel Just 
encroaches on the third. of the canal; slight 
rotation. of the present projecting the relevant 


vertebral artery anterior to the spinal canal. 


posterior 
Spire IS 
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in Japanese patients (Kowada et al., 1972). The 
anomalous vessel, in our experience, and in illustra- 
ted examples (Kowada et al., 1972; Rice, 1979), may 


oe 


"t 












lig. 6. 


Fenestrated vertebral artery in which the larger component of 

the fenestration enters the spinal canal, and presumably 

becomes subarachnoid, between C1 and C2. (An angioma ts 

visible in the antero-posterior subtraction view, the investi- 

gation of which was the indication for angiography in this 
particular case.) 





be avoided by approaching the posterior third of the 
canal with the spinal needle. 

Other vascular structures may be seen over the 
Cl-2 space. Extraspinally muscular 
branches of the vertebral, but curiously enough, 
these vessels usually leave an avascular "window" 
between Cl and C2. Large epidural veins are 
occasionally seen dorsal to the theca but they do not 


there are 


pose a significant problem if punctured. Careful 
technique designed to avoid trauma to the cord will 
also avoid trauma to the anterior and posterior spinal 
arterial chains lying on its surface. 


CONCLUSION 

Our study has confirmed that the theoretical risk 
of producing significant vascular injury at lateral 
cervical puncture is very low, provided the posterior 
third of the spinal canal is approached. The anterior 
part of the canal near the superior border of the arch 
of C2 should particularly be avoided and slight 
rotation of the patient away from the side of the 
puncture is suggested to minimize further the 
possibility of injuring the vertebral artery. 
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ABSTRACT 

Krypton 81m ventilation and technetium 99m perfusion 
lung scans in anterior, posterior and oblique views in 86 
children (age range 14 days to 15 years) with various paedi- 
atric problems were obtained. 

On reviewing these studies we found four main areas of 
clinical usefulness. (a) Establishing the diagnosis; in a rela- 
tively small number of patients the lung scan was essential for 
either establishing the exact diagnosis or directing attention 
to the abnormal area. (b) Refuting a diagnosis: the two 
main groups in this category include possible bronchiectasis 
and inhaled foreign body. (c) Establishing the extent of the 
disease; radionuclide studies enable one to assess and follow 
up the extent of the disease in children with lower respi- 
ratory problems; a lung scan may obviate the need for 
bronchography in bronchiectatics failing to respond to 
medical treatment and for whom surgery is being con- 
sidered. Repeat studies are useful in following the natural 
history or the response to treatment of various lung con- 
ditions. (d) Assessing the success of surgical procedures on 
the heart and on abnormal pulmonary arteries. 

We indicate that ®4Kr™ ventilation/9°Tc™ perfusion 
scanning are particularly useful in small children in whom 
tests of overall pulmonary function cannot be carried out 
because of lack of co-operation. 


Reliable lung function tests are at times difficult to 
obtain in children. This is particularly so when 
significant symptoms such as coughing or dyspnoea 
are present. From two to six years the functional 
assessment of the lungs is limited by poor subject 
co-operation, although ingenuity and patience can 
yield information about the conducting airways by 
using a modified plethysmographic technique (Dab 
and Alexander, 1976) or forced oscillation methods 
(Cogswell, 1973; Mansell et aL, 1972). Recent 
attention has been focused on the use of forced 
random noise to assess the mechanical properties of 
lungs in young children (Williams et a/., 1979). All 
these techniques assess the overall function of the 
lungs and although uneven distribution of venti- 
lation and perfusion can be demonstrated by com- 
bining tests of ventilatory function, such as nitrogen 
washout, and the frequency dependence of com- 
pliance or resistance with arterial oxygen tensions, 
the regional distribution and extent of these disturb- 
ances cannot be assessed. Using radionuclide 
techniques the distribution of perfusion and venti- 
lation can be obtained in children of any age 
without subject co-operation. 


Since the first developments in external counting 
of perfused and ventilated radioisotopes into the 
lung (Knipping et al., 1955) many different agents 
have been used. Regional perfusion is now routinely 
assessed using an intravenous injection of technetium 
99m macroaggregates (99Tc™MAA) and external 
recording with a gamma camera. This is a well- 
established technique which provides multiple high- 
quality images in different projections. 

Ventilation studies had always been difficult to 
obtain in children prior to the introduction of 81 Krm 
(Fazio and Jones, 1975). Single breath washout of 
133 X e requires considerable patient co-operation and 
is therefore impractical in young children; other 
limitations are the relatively high radiation dose from 
xenon and the solubility of the isotope in the chest 
wall, limiting its use to single views. 18N™ has been 
used in infants and children (Godfrey and Mc- 
Kenzie, 1977), but this radionuclide is limited in its 
use as it requires the immediate proximity of a 
cyclotron unit. 8'Kr™, an insoluble gas, with a 
single energy y emission (190 keV) and 13 s half-life, 
provides multiple view ventilation images directly 
comparable to the multiple 140 keV 9Tc™MAA 
images. Its very low radiation dose makes it an ideal 
radionuclide for use in children. 

The clinical applications of §'Kr™ radionuclide 
scanning in children have recently been described 
(Treves et al., 1974). Using 99Tc™MAA and 8! Kr, 
high-quality images in multiple projections can be 
obtained in children of any age. The aim of this 
paper is to assess the clinical usefulness of the 
combined 8! Krm/9*T'cm MA A technique in a series of 
100 scans in 86 infants and children with a variety of 
cardiopulmonary disorders seen at the Hospital for 
Sick Children in 1978-79. 


METHODS 
Technique 
In all patients, lung ventilation/perfusion scans 
were obtained in four views (anterior, posterior and 
both posterior oblique projections) with the com- 
bined 8Krm/99Pl'emMAA technique. The two 
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anterior oblique views were performed when better 
visualization of the middle lobe and lingula was 
required or when the other four views were normal. 
This is described in detail elsewhere (Fazio and 
Jones, 1975; Fazio et al., 1978) and will be only 
summarized here. 8! Kr™ is eluted with humidified 
air from its parent 5! Rb. The parent's half-life is 4.6 
hours and it is cyclotron produced (Clark ef al., 
1976). By continuously adding SIKr" to the inspired 





FIG. 


air during normal breathing, equilibrium of the 
isotope with alveolar gas is never reached because of 
the short half-life; thus the distribution becomes 
representative of ventilation rather than volume. A 
possible exception to this may be the neonate and 
small infant with a high minute volume. Oblique 
views were chosen in preference to the lateral views 
customary in adult subjects because of the increased 
problems relating to "shine through" activity from 





Chest radiograph, pulmonary angiogram and ventilation (V)/perfusion (Ô) scan in a nine-year-old child with an unsuspected 

absent left pulmonary artery. ‘The radiograph shows the mediastinum shifted to the left, with a small left lung, minimal rib 

crowding is noted. The lung scan shows a non-perfused left lung which is moderately well ventilated. The pulmonary 

angiogram confirms the congenitally absent left pulmonary artery. He was thought to have damaged his left lung secondary 

to bronchiolitis in early infancy and was reputed to have a decreased exercise tolerance subsequently disproved by normal 

cardio-respiratory responses to formal exercise testing on a bicycle ergometer. The only abnormality found on respiratory 
function testing was an increased dead space/tidal volume ratio. 
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Right posterior oblique ventilation (V) and perfusion (Q) 

lung scans in a 14-year-old girl with haemoptysis and right 

sided chest pain following a termination of pregnancy. The 

scan shows well matched defects on both images, best seen 

in the right lower lobe. She also had phenylketonuria and 

perennial asthma. Pulmonary function studies showed gas 
trapping and airflow obstruction. 


the contra-lateral lung when scanning small children. 

The procedure for obtaining the combined 
ventilation/perfusion scans involves a single intra- 
venous injection of 99''e? MAA with the infant/child 
lving supine over the gamma camera, Macroaggre- 
gates were used during the period described in this 
paper although we now use microspheres. The me- 
dian particle size was 50 p and quality control was 
carried out at weekly intervals. The methods used 
included paper chromotography and microscopy. 

A soft rubber face mask which is connected to the 
outflow of the 8! Kr" generator is applied for each 


Krm ventilation scan. (The radiation dose of 


9"l'e"MAA is based on an adult dose of 37 MBq 
(1 mCi) and scaled down according to body surface 
area.) All infants under 12 kg in body weight receive 
a minimum of 13 MBq (0.35 mCi) of 99Te™MAA; 
200000 counts are collected with the window of the 
gamma camera set for the 140 keV of 9°Tc™ and a 
perfusion image is recorded on radiographic film. 
Without moving the patient, a flow of 51! Krm is added 
to the face mask and the window switched to 190 keV. 
A ventilation image is then obtained by collecting 
another 200000 counts. Spillover of 99'T'c into the 
SIKrm is less than 3°,. The patient is 
repositioned and the same sequence is repeated for 
other views, Throughout the procedure a portable 
electric fan blows the expired 5! Kr" away from the 
camera face. The total time required for a full venti- 
lation/perfusion study in four views is 20 minutes. 


window 


Immediately following the lung scan, standard 
frontal and lateral chest X-rays are obtained. 

The whole-body absorbed radiation dose derived 
trom the 8! Kr" ventilation study (four views) is less 
than 0.006 mGy (0.6 mrad) for an adult and 0.013 
mGy (13 mrad) for an infant; the dose to the target 
organ (lungs) is 0.16 mGy (160 mrad) for a 14-vear- 
old and 0.72 mGy (720 mrad) for a one-vear-old 
(Myers, communication). Whole-body 
absorbed dose resulting from 13 MBq (1 mCi) 
injection of 9TcemMAA in an adult is less than 
0.04 mGy (40 mrad) with a target organ dose of less 
than 0.28 mGy (280 mrad) (Chandra et al., 1973). 
There is no finally accepted dose of 9"T c^ MAA for 
use in children and it is an attempt to obtain satis- 
factory images with the least possible amount of 
radionuclide that has led us to use an adult dose of 
37 MBq (1 mCi) and scale this down according to 
the bodv surface area. 


personal 


Patients 

One hundred scans were carried out in 86 patients 
who were referred for evaluation by the respiratory 
physicians and cardiologists (Table I). The age 
groups of the children studied are shown in Table II. 
Very young children below one-and-a-half years 
were sedated with chloral hydrate (50 mg/kg). The 
usefulness of the scan was judged by its ability to: 
(a) establish or refute a diagnosis; (b) assess the 
extent and regional distribution of lung disease: 
(c) assess the treatment. 


Assessment of scans 

This involved two of the authors (I.G. and P.H.) in 
viewing the images and describing the distribution of 
ventilation and perfusion on a lobar and subseg- 
mental basis. The anatomical information provided 
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Fic. 3. 


AP chest radiograph and an anterior ventilation (V) lung-scan in a four-month-old infant with a single ventricular septal 

defect and in respiratory failure. The radiograph shows a large heart with pulmonary plethora. The changes in the right 

upper zone were thought to be chronic consolidation. The lung scan reveals absent ventilation/perfusion in the right mid- 

zone, t.e. the hypertranslucent area on the radiograph. An emphysematous right middle lobe was resected following closure 
of the VSD. 





Fic. 4. 
Anterior view of bilateral bronchography with right posterior oblique ventilation (V) and 
perfusion (Q) lung scans in a 13-year-old girl with severe bronchiectasis. The extensive damage 
in the right lower lobe is shown on bronchography and is also shown as a complete absence of 
ventilation, with a similar but less marked disturbance of perfusion. 
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TABLEI 


RADIONUCLIDE LUNG SCANS: HOSPITAL For Sick CHILDREN 
1978-79 





| Patient No. | Scan No. 

Cystic fibrosis 18 
Bronchiectasis 8 
Asthma/bronchial lability 7 
Vascular ring 4 
Atelectasis 6 
Pneumonia 5 
Lobar emphysema 5 
Malignancy 4 
Inhaled foreign body 4 
Alveolitis 3 
Obliterative bronchiolitis 3 
Lung cysts 3 
Hypoplastic lung 3 
Pulmonary emboli 3 
Hyperlucent lung 3 
Diaphragmatic hernia 2 
Pulmonary fibrosis i 
Ventricular septal defect 1 
Familial dysautonomia 1 
Wilson Mikity syndrome 1 
Meconium aspiration 1 


—————————————ÓMÓÓ"—————————À 
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TABLE Ii 
AGE RANGES OF CHILDREN STUDIED 


| « 1 month <1 year | 


ERR naerenn | dd e E f naanin neama 


| 11 17 | 16 42 
REUS TRUE tek OE SO TUN MR RP RN ESRB RE EIN CED PRU MERERI. 


by the chest radiographs was also taken into account. 
The images were also scored by all the authors 
using a semi-quantitative scoring system (Fazio 
et al., 1978), and a final decision about the signifi- 
cance of the findings and whether more invasive 
investigations were required was taken at a regular 
weekly meeting with the clinicians responsible for 
the patient's management, unless urgent decisions 
were required. 


RESULTS 
At least four view ventilation and perfusion scans 
were obtained in all children studied. Only two of 
the 100 scans were of poor quality. 


Establishing or refuting a diagnosis (ten patients) 
(Table III) 

Lung scans enabled a diagnosis to be confirmed 
or excluded in ten out of 86 children studied. In 
three children thought to have bronchiectasis, bron- 
chograms were performed which confirmed the nor- 


TABLE HI 


‘THE EFFECT OF LUNG SCANS ON PRE-SCAN DIAGNOSIS 















Meran tetrum ern Pen emere eiui mt AAA aq aat tag d AMI RS ra rata a ANA 7 a RH Hu D RAP Tee rtr rrr rar rae AE dore 





Bronchiectasis Normal 
Refuting ————— S 
diagnosis Inhaled foreign 
body Normal 2 
Hypertransradiant | Absent 
lung pulmonary 
artery 2 
Establishing | Pulmonary emboli | Parenchymal 
diagnosis lung disease 2 
Upper lobe Congenital 
consolidation lobar 
emphysema 1 





mal scan findings. In two children who were thought 
to have inhaled foreign bodies, chest fluoroscopy 
confirmed the normal scan findings, no further 
investigations being performed. In two children with 
unilateral hyperlucent lungs and absent 99 Tc MAA 
perfusion on the affected side, pulmonary angiogra- 
phy was performed to confirm the scan findings. 
Figure 1 shows the relevant investigations in one of 
these children. Three patients were referred for 
suspected pulmonary embolization and in two of 
these, matched ventilation and perfusion defects 
were found indicating parenchymal lung disease 
rather than pulmonary embolization, the findings on 
pulmonary embolization being a decrease in per- 
fusion relative to ventilation in the affected area 
(McNeil, 1976). The scan of one of these patients is 
shown in Fig. 2. 

In children with lobar emphysema the lung scan 
showed complete absence of ventilation and per- 
fusion in the emphysematous areas. Usually these 
patients could be diagnosed on chest radiography 
and screening, but in one infant the diagnosis was 
changed from upper lobe collapse/consolidation 
because of the scan findings (Fig. 3). 


Assessing the extent and regional distribution of the 
lung disease (81 patients) 

When abnormal, lung scans adequately assessed 
the extent and the distribution of the lung pathology 
in all the patients studied, including those in Tables 
III and IV. In seven children with a proven diagnosis 
of bronchiectasis (five) or inhaled foreign body (two) 
the lung scan confirmed the site and extent of the 
damage demonstrated by bronchography, chest 
screening or bronchoscopy. Figure 4 shows the 
bronchographic findings performed at the referring 
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» hospital alongside the lung scan. The areas of damage 

V shown by bronchography show reduced perfusion 
and ventilation on the scans. 

In the cystic fibrosis group (18 patients) seven 

were infants and 11 were children over three vears. 

In the infants all except one had elevated thoracic 

gas volumes and markedly increased airways resist- 

ance, as measured in an infant plethysmograph, vet 

the only significant findings on the lung scans were 

small defects of both ventilation and perfusion in the 

centre of the lungs when the oblique projections 

were viewed. In the three older children with 

obliterative bronchiolitis who also had severe airflow 

A obstruction and gas trapping, similar features were 


TABLE IV 
E "THE ASSESSMENT OF TREATMENT 





Diagnosis No. of patients | 


Fic. 5. Aberrant left pulmonary artery 
Absent left pulmonary artery 
Cystic fibrosis 

Foreign body (following removal) 


Right posterior oblique ventilation (V) lung scan in a six- 
year-old with severe obliterative bronchiolitis, following an 
adenovirus pneumonia at the age of two years. Defects of 
ventilation are shown which approximate to the expected 
positions of the interlobar fissures. The perfusion scan 

showed similar features. b——M—Ó 





— | 
l'otal | 
| 











FIG. 6. 
AP chest radiograph and the anterior ventilation (V) lung scan in a seven-year-old boy with congenital icthyosis, basal 
bronchiectasis and bronchial lability. On auscultation his right lung had the same intensity of breath sounds as the left 
although it contained showers of fine crepitations. The radiograph shows a relative small right hemithorax with increased 
lung markings on the right and herniation of the left lung across the mid-line. The ventilation scan shows almost complete 
absence of radionuclide in the right lung. The perfusion scan showed similar features. 
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Fic. 7. 


(A) Pre-operative anterior perfusion (Q) and ventilation (V) lung scans with the anterior view of the pulmonary angiogram ina 
four-week-old infant with a short segment right pulmonary artery atresia. The right lung shows normal ventilation with total 
absence of perfusion. 'The pulmonary angiogram confirms the congenitally absent right pulmonary artery. 


(B) Post-operative anterior perfusion (Q) lung scan and anterior pulmonary angiogram in the same infant, The lung scan 
reveals better perfusion of the right lung than the left with normal ventilation this is in spite of the relatively narrow 
appearances of the post-operative right pulmonary artery conduit, 


scanning with defects of 
ventilation and perfusion in the regions of the inter- 
lobar fissures (Fig. 5). 


also observed on lung 


In children with severe lung disease, extensive 
functional abnormalities could be detected on scan- 
ning which were not suspected on clinical or radio- 
logical grounds. Figure 6 shows the chest radiograph 
and the anterior lung scan in such a child. 

The scans on three infants with unilateral pulmon- 
ary hypoplasia showed that in two, significant function 
was present in the affected lung where very little or 
none was thought possible on clinical or radiological 
grounds. Likewise recurrent 
episodes of basal or middle lobe atelectasis were 


six children with 
shown to have no residual or underlying abnormali- 
ties of ventilation or perfusion. In children with 
alveolitis or pulmonary fibrosis, the assessment of the 
extent of the functional involvement allowed the 
natural history of the disease to be followed as well as 


the response to therapeutic interventions. 


The assessment of treatment (nine patients) (Table IV) 
Lung scans were used in the post-operative assess- 
ment of four patients who had surgical correction of 
an aberrant left pulmonary artery causing upper 
airway obstruction. In each case a normal pulmonary 


'n 


circulation was demonstrated on the operated side. 
In one infant with a short-segment left pulmonary 
artery atresia a post-operative scan showed a pul- 
monary circulation to be present. His pre- and post- 
operative pulmonary angiograms and lung scans are 
shown in Fig. 7. 

As far as medical therapy is concerned, changes in 
the distribution of ventilation and perfusion were 
observed after intensive courses of antibiotics and 
physiotherapy. In three children with cystic fibrosis, 
marked were noted in one child with 
moderate disease but less improvement was seen in 


changes 


two other children with very severe disease. Figure 8 
shows the posterior ventilation lung scans in the child 
with moderate disease before and after such a course 
of treatment. This use of lung scans has been and 1s 
continuing to be applied to children with severe lung 
disease associated with alveolitis, fibrosis, or airflow 
obstruction when high dose steroid therapy is being 
given. 


DISCUSSION 
The ease with which 99"T'emMAA 8!Kr™ radio- 
nuclide scans are performed and the high quality of 
the images obtained confirms the findings of Li 
and associates (1979). All lung scans reported here 
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FIG. 8. 
Anterior ventilation (V) lung scans in a 12-year-old boy with 
cystic fibrosis. Scan A was performed at the beginning of a 
two week course of systemic antibiotics and intensive 
physiotherapy. Scan B is the post-treatment anterior view. 
Pulmonary function studies over the same period showed 
improvements in forced expired volumes and peak expira- 
tory flow rate. The radiographs taken before and after the 
two week treatment were unchanged. The segmental defects 
were well matched on the perfusion scan and significant 
improvement is noted in the post treatment (B) scan. 


were obtained in the supine position, mainly because 
with young children it had proved impracticable to 
maintain their for the 20 minutes 
necessary for a four-view set of studies in the erect 
For infants, all other investigations are 


co-operat ion 


position, 
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performed in the same position, which is also their 
most commonly adopted one. In older children other 
investigations are performed in the upright position, 
and an assessment of the effect of posture on abnor- 
mal ventilation lung scans is currently being under- 
taken. 

The steady state ventilation images of 5!Kr" 
provide an index of regional ventilation in adults 
(Fazio and Jones, 1975) and in older children with a 
similar ratio of alveolar ventilation to unit lung 
volume the same conditions are operating. In infancy 
and early childhood a faster respiratory frequency 
results in a two- or threefold increase in alveolar 
ventilation per unit lung volume, and an equilibrium 
of inhaled radionuclide may be approached. Exactly 
how significant this effect becomes in infants and 
very young children is difficult to assess but it was 
interesting to observe the close matching of ventil- 
ation and perfusion defects in all age groups with 
parenchymal lung disease. This suggests that even in 
the youngest children the effective distribution of 
ventilation is still being seen with 5! Kr, 

A number of second line imaging procedures is 
commonly being used for the diagnosis and assess- 
ment of children with lung disease. With the 
exception of chest fluoroscopy they are invasive 
techniques which carry an appreciable morbidity and 
all involve a higher radiation dose to the patient than 
a combined 99?''em/8! K rm Jung scan (‘Table V). 

In ten of the 86 patients, the lung scan enabled a 
final diagnosis to be reached. In the presence of a 


TABLE V 


COMPARATIVE TARGET ORGAN RADIATION IN CGY (RAD) 






































0 lese | vear | 14 years | 
| Chest radiogr graph P A and lateral | 005 | 007 
| 1.5 min fluoroscopv A 1.2 3. 3 ig 
| Tem MAA lung scan | 0.9 | | 0.65 
81Kr™ lung es 0.072 0.016 
| Cineradiography 2.8 10.6 
| Cardiac fucrosaeps ( 30 ma» | 24 | 66 
| 12. 33.3 





| Bronchography 


Data sources 

Chest radiograph, fluoroscopy and *Te™ MAA lung scan: 
Webster et al. (1974). ! Kr": Myers (personal communi- 
cation). Cineradiography, cardiac fluoroscopy: Martin and 
Olson (1980). Bronchography: Hospital for Sick Children 
calculations. (Fluoroscopy was performed with image 
intensification and manually variable kV (50 to 110) with 
automatic mA.) 
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normal scan there is little likelihood of any significant 
disease being present. This has been of great value in 
children who have inhaled foreign bodies in the past 
and in children in whom bronchiectasis is strongly 
suspected. The opportunity afforded by perfusion 
lung scanning to evaluate the patency of a pulmonary 
artery without the need to resort to cardiac catheter- 
ization must be stressed. Since many children with 
aberrant left pulmonary arteries suffer from localized 
bronchomalacia there is also a need to carrv out a 
ventilation scan. 

In assessing the regional distribution and extent of 
the lung disease the combined 99Tc™ MAA/81Krm 
scan 1s proving invaluable. It provides information 
unobtainable by other imaging techniques or by 
overall pulmonary function studies and also has the 
advantage that it can be used at any age with the same 
quality of images being obtained. With a standard 
four-view perfusion/ventilation lung scan most of 
the segments of each lobe can be well seen and if 
anterior oblique views are also performed for better 
visualization. of the middle lobe and lingula the 
function of all the lobar segments can be accurately 
assessed. When this information is taken together 
with the chest radiograph, an anatomical and patho- 
physiological understanding of the disease process 
can be obtained. The contribution of lung scans to 
this understanding is well illustrated by the findings 
of decreased areas of ventilation and perfusion in the 
centre of the oblique projections in the infants with 
cystic fibrosis with significant airflow obstruction and 
gas trapping. These defects could be interpreted as 
the first development of “fissure signs" previously 
noted by others in older children with severe chest 
symptoms (Alderson et al., 1974). In our population 
these "fissure signs" were most marked in children 
in the obliterative bronchiolitis group (Fig. 5). In the 
presence of severe small airways disease any resultant 
ventilation defects would be expected to become 
more apparent at the junction of lung lobes. Care 
should be taken in interpreting the lung scan when 
bronchial lability complicates parenchymal lung 
disease, as large matched defects of ventilation and 
perfusion are often seen in the presence of airflow 
obstruction. These defects can be significantly 
improved or eradicated with bronchodilators (Fazio 
et al., 1979). By performing lung function studies in 
which bronchial lability is looked for, or by repeating 
the ventilation lung scan after treatment with 
bronchodilators, this potential difficulty can be 
overcome. 

Regarding the assessment of treatment in those 
children who have had pulmonary vascular surgery, 
à post-operative ventilation/perfusion scan is the 


only non-invasive accurate assessment of the effect of 
that surgery (Dunn ef al., 1979.) In the children with 
cystic fibrosis, repeat scans after intensive courses of 
physiotherapy and systemic antibiotics have shown 
improvements in the distribution of perfusion and 
ventilation with little change on chest radiography. 
Further studies in this application of lung scans 
to appraise present treatment strategies are current- 
ly being undertaken. 
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Book reviews 


Nuclear Medicine Examination Review. By G. D. Frey and 
C. J. Klobukowski. 2nd ed. 366 pp. 1980. (Medical Exam- 
ination Publishing Co., New York), £14-50. 

ISBN 0-87488-457-8 

'The 1425 multiple-choice questions in this book deal with 
all aspects of nuclear medicine, including in vitro procedures 
and therapy. Eleven of the chapters deal with the clinical 
aspects, including relevant physiology, whilst the remaining 
13 cover the basic sciences (physics, radiobiology etc.), 
instrumentation, radiopharmaceuticals, safety and quality 
control. Most of the questions have four or five alternative 
answers but some are of the form where the reader has to 
decide whether a statement is true or false. The reader is 
referred at the end of each question to a page in one of the 51 
references listed for further information. The answers are all 
printed together at the end of the book. 

'The book is aimed at the nuclear medicine technologist 
and is suitable for radiographers, medical physics techni- 
cians and others entering the field of nuclear medicine. 
However, the British reader will find the emphasis and 
choice of questions strange in places; little attempt has been 
made to accommodate the non-American reader. The 
difference in techniques and practice is understandable; 
indeed it can be beneficial in causing the reader to be more 
critical of familiar practices. The lack of inclusion of any 
mention of 8! Kir? is a significant omission and the emphasis 
on radionuclide techniques for placental studies is mislead- 
ing. There are other questions which challenge the claim 
that this second edition is completely revised—too much of 
it reflects procedures current at the time of the first edition. 

The failure to use SI units is a positive disadvantage——as 
is, to a lesser degree, the lack of mention of computers in the 
instrumentation section. 

The questions are well phrased and in general the alterna- 
tive answers provided are discriminating. À book which 
would be a useful addition to a departmental library and best 
used in tutorials where guidance is available for the student. 

P. H. 5. SMITH. 


Radiation doses in paediatric nuclear medicine and 
diagnostic X-ray procedures. In: Paediatric Nuclear 
Medicine (W. B. Saunders, Philadelphia). 

WiLLIAMS, S. P., Futiron, J. M., Tsai, M. J., PIMMEL, R. 
L. and CoLLIER, A. M., 1979. Respiratory impedance and 
derived parameters in young children by forced random 
noise. Journal of Applied Physiology, 47, 169—174. 


Nuclear. Medicine: Hepatolienal. Ed. by B. Rothfeld, pp. 
xii 255, 1980 (Harper & Row, London), 429-25. 
ISBN 397—-5041—28 

'This book is unique in that, for the first time, most aspects 
of nuclear medicine in relation to the liver and spleen are 
drawn together between two covers. As the editor states, 
technical details are kept to a minimum whereas the basic 
principles of the tests involved, their indications and inter- 
pretations are emphasized. It begins with a useful review 
of the anatomical variations of the normal liver followed by 
chapters on reticuloendothelial cell and parenchymal cell 
localizing agents, scintiangiography, imaging of hepatic 
abscesses and trauma, and hepatic neoplasms. The next 
three chapters are all devoted to viral hepatitis antigens, and 
then a section on bile acids, a-fetoprotein, and carcino- 
embryonic antigen follows. Although of interest, the space 
devoted to these subjects with only limited connections with 
nuclear medicine seems excessive. The book ends with con- 
tributions on radioactive breath tests, splenic imaging and 
splenic function. 

The black-and-white illustrations are clear, with com- 
prehensible though lengthy legends. The book is aimed at 
‘internists, clinical pathologists, radiologists and gastro- 
enterologists," rather than at nuclear physicists. Since it is 
the first of its kind, it should be on the shelves of nuclear 
medicine departments for easy reference, but specialists in 
this field may not feel so inclined to purchase it for them- 
selves as so much of the content is either already well known 
or not strictly relevant to nuclear medicine. 

James MARIGOLD, 
DESMOND CROFT, 
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ABSTRACT 

A new approach to the radionuclide imaging of the lungs 
is illustrated in this paper, describing four patients who were 
subjected to section scanning of the chest in addition to 
conventional planar imaging. 

The significance of this new method in the investigation of 
patients suspected of having pulmonary embolism is dis- 
cussed. The main advantages of the new approach include 
increased information with depth, clearer definition of the 
mediastinal space, and the detection in some instances of 
new lesions not seen by conventional means. 


Despite its drawbacks, radionuclide scanning still 
remains an important investigation in the detection 
of pulmonary embolism (Neumann et al., 1980). One 
such drawback concerns the sensitivity of the pro- 
cedure which requires multiple views of the lungs if 
defects deep within its substance are to be visualized. 
Even with multiple views, however, the scan may not 
always reflect accurately the significance or the 
degree of a partially occluded lung segment (Moser 
et al., 1969). This problem is partially explained by 
the fact that the lungs are large three-dimensional 
organs which cannot be adequately visualized with 
conventional two-dimensional views alone. 

The inherent disadvantage of conventional imag- 
ing is that information which arises from different 
planes of an organ to be scanned is superimposed on 
the same plane in the final displayed image, resulting 
in loss of contrast and hence in clinical information. 
Radionuclide section scanning has been shown to 
offer extra sensitivity and greater accuracy in the 
localization and definition of lesions in the brain 
(Ell et al., 19802), liver (Ell et al., 1980b) and heart 
(Donaldson et al., 1980) when compared with con- 
ventional gamma-camera imaging. It was therefore 
decided to extend this new imaging technique to the 
lungs in order to investigate any possible advantages 
which emission tomography might offer in the de- 
tection of pulmonary embolism. 


PATIENTS AND METHODS 
Four patients with suspected pulmonary em- 
bolism were investigated by standard methods 
including chest radiography and ECG. In some 
cases, X-ray phlebography and the 99Tc™-plasmin 
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uptake test (Deacon et al., 1980) were performed in 
those patients with suspected deep vein thrombosis 
(DVT). 

133Xe gas was used for the initial ventilation study 
and a standard protocol was followed. After the 
ventilation scan, perfusion scans were obtained ten 
min after intravenous injection of 150 MBq (4 mCi) 
of 99Tcem.-labelled macroaggregated albumin. Six 
conventional views with 400000 counts (anterior, 
posterior, right and left lateral and right and left 
posterior oblique) were obtained with a large field of 
view gamma camera (Digicamera, Scintag Berthold). 

Radionuclide section. scans of the lungs were 
recorded immediately after the perfusion study, 
using a Cleon-711 whole-body emission tomo- 
graphic scanner. Figures of merit for this instrument 
have been published recently (Tarritt and Ell, 1980). 

With the Cleon-711 scanner, scanning was com- 
menced at the base of the neck so as to avoid missing 
the apices of the lungs, and continued for at least one 
further slice when the diaphragm was reached. 
Usually eight tomographic slices were obtained with 
an acquisition time of 5 min per slice. The thickness 
of each slice was 2.5 cm with identical spacing. 


RESULTS 

Case I 

A 21-vear-old female who had been on oral contraceptives 
for the past three years complained of intermittent haemo- 
ptysis over this period. She had no chest pain or shortness of 
breath. À bronchial adenoma was suspected but broncho- 
scopy was reported as normal. Her chest radiograph and a 
ventilation/perfusion scan (Fig. 14) were reported as normal. 
Tomographic section scans (Fig. 1B) confirmed the absence 
of perfusion defects. In sections 5, 6 and 7, which represent 
sections taken at the base of the lungs, the cardiac impres- 
sion on the left lung is shown rather well. In addition, a 
well-defined area of reduced radioactivity (arrowed) in the 
right lung which corresponds to the dome of the right 
hemidiaphragm is seen. 


Case 2 

A 39-year-old female with pain and swelling of her left 
calf complained of a two-weeks’ history of left-sided 
pleuritic chest pain associated with progressive shortness of 
breath but no haemoptysis. With two recent episodes of 
these symptoms, a diagnosis of recurrent pulmonary 
embolism was suspected, for which a ventilation/perfusion 
scan was requested. 

Her chest radiograph showed shadowing of the right base 
and slight elevation of the right hemidiaphragm. The rest of 
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the lung fields were clear. X-ray phlebography and a*"'T'c"- 
plasmin uptake study confirmed the presence of bilateral 
DVT. Whilst the ventilation scan was normal, segmental 


perfusion defects affecting the upper and lower zones of 


both lungs were seen (Fig. 24). 

The pulmonary transverse section scans (Fig. 2B) agreed 
well with the findings of the conventional study. Multiple 
but superiorly defined perfusion defects can be recognized in 
each of the selected tomographic slices. 

Pulmonary arteriography performed two days later at the 
hospital of her referral was reported as showing an occluded 
segment in the right lower zone, a second segment in the left 
upper zone and probably some interruption in the vessels 
supplying the left lower lobe (Fig. 2c). 


Case 3 
‘This case concerns an 80-vear-old female admitted as an 
emergency with sudden onset of shortness of breath 


ascribed initially to left ventricular failure. Despite rigorous 
medical treatment, her shortness of breath persisted, for 
which she was referred for a lung scan. 

Whilst the ventilation study was normal, widespread 
segmental perfusion defects affecting both lungs were noted 
(Fig. 3A). The tomographic section scans (Fig. 3B) (selected 
sections only) provided a more dramatic representation of 
the extent of hvpoperfusion in the upper zone and the base of 
the right lung. 

Two weeks following heparinization, she was clinically 
much improved. A repeat ventilation/perfusion scan (Fig. 
3c) confirmed the significant improvement in perfusion of 
both lungs, although with remaining evidence of wide- 
spread embolic disease, Repeat emission tomographic scans 
(Fig. 3p) showed marked siipeoversats in perfusion to the 
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upper zone of the right lung but revealed in addition wide- 
spread involvement of the middle and lower zones of the left 
lung, which were not as evident on the conventional views. 


Case 4 

A 50-year-old woman who presented with right sided 
pleuritic chest pain only, with suspicion of having pulmonary 
embolism, was referred for a lung scan. Her chest radio- 
graph and ventilation studies were normal, as was the 
clinical examination. 
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(4) Normal ventilation (V) and perfusion scan (six views). Conventional planar imaging with the gamma camera. 
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(B) Transverse section scans (from apex-1 to base-7) of the perfusion of the lungs of the same patient are shown, Note 
in section 7 the arrowed pseudo defect caused by the dome of the right diaphragm. 
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Whilst the perfusion scan appeared to be essentially 
normal (Fig. 44), the emission tomography study (Fig. 4B, 


sections 5 and 6) demonstrated the unequivocal presence of 


a large defect in the right lung not detected by the conven- 
tional study. 
DISCUSSION 
In the cases which we have described, radio- 
nuclide section scanning of the lung permitted a 
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display of the entire lung volume with substantial 
improvement in image contrast and information with 
depth. These improvements led in Cases 2 and 3 to 
better visualization of segmental defects and in Case 
4 to the detection of defects not seen by the conven- 
tional two-dimensional scan. This is not surprising, 
since the visualization of defects in a large organ such 
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(4) A normal ventilation scan (V) and the six perfusion scans of a patient with suspected embolic lung disease. Note the abnor- 
mal perfusion pattern in the upper and lower zones of both lungs. 


(B) ‘Transverse section scans of the perfusion of the lungs of the same patient. Note the superior definition of the perfusion 
impairment, also partially seen in the pulmonary angiogram (C). 
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(4) Normal ventilation scan (V) and multiple perfusion defects affecting both lungs (before therapy). 


(B) Corresponding transverse section scans. Note extensive involvement of both lungs, in particular the absence of significant 
perfusion to the upper zone of the right lung. 


as the lungs is rendered difficult if only two- 
dimensional planar projections are obtained. With 
lesions situated deep in the substance of the lungs, 
the obvious danger is that these can be missed 
altogether. 

Ventilation/perfusion lung scanning, despite its 
limitations, still remains the mainstay in the diag- 
nosis of pulmonary embolism. A more objective 
method of definitively demonstrating the presence of 


pulmonary emboli is through pulmonary arterio- 
graphy. This method has been shown to substantiate 
the findings of perfusion lung scans and excels in the 
detailed display of the major pulmonary vascular 
anatomy (Moses et al., 1974). Its specialized nature 
and the risks of mortality and morbidity, however, 
preclude it as a suitable screening procedure. 

In Case 2, substantial agreement was noted be- 
tween pulmonary angiography and radionuclide 
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section scanning. As angiography is still used as the 
reference procedure for the demonstration of pul- 
monary emboli, the results of this case suggest that 
emission tomographic section scanning of the lungs 
can be used as a valid, non-invasive alternative 
approach. Further comparative studies are currently 
in progress to investigate the validity of the tomo- 
graphic technique. 

[sotope section scanning appears also to be helpful 
when sequential lung scanning is performed in order 
to evaluate the efficacy of medical treatment. In 
Case 3 the planar images both before and after 
heparin therapy appeared to underestimate signi- 
ficantly the degree of hypoperfused lung tissue, and 
a better appreciation. of lung involvement was 
obtained from emission tomography. 

One area which might lead to difficulty in inter- 
preting the section scans is the base of the right lung 
where the dome of the diaphragm may produce a 
"pseudo" defect. This defect is readily distinguish- 
able from a true perfusion defect by its uniform shape 
and its position, and with practice it can be easily 
recognized. 

Radionuclide section scanning promises to hold an 
interesting future in the detection of pulmonary 
embolic disease. Work is in progress with this tech- 
nique in order to measure lung and mediastinal 
volumes; it is hoped that this might lead to a quanti- 
tative and more objective assessment of embolic 
disease including its response to therapy. 
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With multi-plane section imaging of the lungs, 
greater accuracy and sensitivity in lesion detection is 
to be expected. Further clinical work is however 
required to ascertain its ultimate role. 
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Repeat study two weeks later (after therapy). Note marked improvement. Striking reperfusion of the upper zone of the 
right lobe. 
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(a) Normal ventilation scan (V) and perfusion scan. Conventional study. 


(n) Transverse section scans of the perfusion of the lungs. Note marked defects in sections 5 and 6. 


59] 


1981, British Journal of Radiology, 54, 392-596 
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(EHDP) on skeletal scintigraphy with technetium-99m 
methylene diphosphonic acid (Tc-MDP) in the rat 


By lain Watt, M.R.C.P., F.R.C.R. and Penny Hill, Ph.D., B.Pharm., M.P.S. 
Departments of Radiodiagnosis and Radiopharmacy, Bristol and Weston Health District (Teaching), 
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(Received September 1980 and in revised form January 1981) 


ABSTRACT 
A study has been performed in the rat to assess the effect 
of EHDP on the distribution of °®T'c™-labelled MDP used 
for skeletal imaging. Profound alterations in bone, kidney 
and blood levels were observed. These observations cast 
doubt on the value of bone scans for monitoring the 
therapeutic effect of diphosphonates. 


The diphosphonates are a group of largely unmeta- 
bolized compounds, containing P-C-P bonds, 
which have become most familiar to radiologists as 
bone-seeking agents in skeletal imaging. Their uses 
are far more extensive (Russell and Fleisch, 1976), 
including the prevention of furring in cold water 
pipes, dental caries, the management of Paget's 
disease (Smith et al, 1971; Lentle et al, 1976; 
Meunier et aL, 1979; Murphy et aL, 1980) and 
myositis ossificans progressiva (Hentzer et al., 1978). 
The diphosphonates impede the transformation of 
amorphous calcium phosphate into hydroxyapatite 
(Francis, 1969; Francis et al., 1969) and block the 
aggregation of hydroxyapatite crystals. 

Skeletal imaging with P~C—P agents is used also to 
diagnose and assess progress of Paget's disease 
(Miller et aL, 1974; Lentle et al., 1976; Murphy et 
al., 1980) and mvositis ossificans (Suziki et al., 1974). 
As P-C-P compounds are used both in diagnosis and 
treatment, changes in the scans may be due either to 
therapeutic improvement or to changes in pharma- 
cological distribution that are unrelated to thera- 
peutic effect. If the scans are to have any value in 
assessing progress, the progress needs to be mea- 
sured. Accordingly a study has been undertaken in 
the rat to evaluate the effect of administering a 
therapeutic dose of EHDP before, with, and after 
the administration of 99Tc™-MDP for skeletal 
imaging. 


MATERIALS AND METHODS 
Adult male hooded rats between 250 and 320 g in 
weight were anaesthetized using intraperitoneal 
urethane, a dose of 1 g/kg body weight, following 
ether induction. Venous catheterization was achieved 
either by a tail vein puncture or by jugular dissec- 


tion. ‘Tracheostomy tubes were routinely inserted. 
The penis was ligated to prevent loss of urine 
following induction. Skeletal imaging was achieved 
using freshly made 99?Tcm.labelled MDP at an 
activity comparable to that used in humans (7.4 
MBq/kg). Normal values of tissue distribution were 
obtained in groups of at least five animals at one, 
two, three and four hours from injection of Tc- 
MDP. EHDP was administered intravenously to 
further groups at a dose of 20 mg/kg at different 
timings from the administration of Tc-MDP. The 
intravenous route was selected because of consider- 
able variability of oral absorption in experimental 
animals (Michael et al., 1972). Groups were studied 
with injection of EHDP two hours before Tc-MDP 
(—2 EHDP), one hour before (—1 EHDP), con- 
currently (0 EHDP), and one and two hours 
after T'c- MDP (2-1 and --2 EHDP). Groups were 
killed one, two, three and in some circumstances four 
hours after the administration of Tc-MDP. Scinti- 
grams of the animals before killing were obtained 
using a gamma camera. At the completion of each 
experiment, activity levels were estimated from 
blood, muscle, the whole urinary bladder, and from 
kidney and the femora. All specimens were frag- 
mented to obtain a uniform geometry and activity 
was estimated in a well counter with reference to a 
standard injection. Chromatographic quality control 
was performed on the Te-MDP and in no case was 
more than 2°, of the technetium compound un- 
labelled. Tissue levels were expressed in percentage 
of administered dose in each gram of tissue. 

In order to assess whether observed changes were 
dose-dependent, groups of animals were injected 
with either 5, 10 or 20 mg/kg of EHDP one hour 
before T'c- MDP and killed one hour later. A control 
group was studied following injections of saline. 


RESULTS 
The experimental animals proved to be extremely 
sensitive to the rapid injection of EHDP and about 
one in ten died. Death was characterized by tetany 
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and respiratory paresis together with electrocardio- 
graphic changes consistent with hypocalcaemia or 
hyperkalaemia. No difficulty was encountered with 
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slow injection over two to three minutes. 


Control animals (Tables I-VI) 


Bone levels did not vary significantly over the one 
to four hour period. Renal activity was shown to 


Control 

EHDP —2 h 

EHDP —1 h 
EHDP with MDP 
EHDP--1h 
EHDP —2h 
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decline against time (p< 0.001) and renal activity 
correlated with a change in renal size (p< 0.05). 
Blood levels were also shown to decline against time 


(p« 0.001). There was a strong correlation between 
kidney and blood levels (p< 0.001) and between 
bone and blood levels at one hour (p< 0.001). How- 


TABLE I 


BONE LEVELS PERCENT/G 


1 hour 


2 hours 


1.46 +0.10 
1.29 :-0.09* 
1.58 -+0.12 


TABLE II 
KIDNEY LEVEL PERCENT/G 


2 hours 





3 hours 


ever, there was no correlation between these levels 
throughout the whole four hour period. Urinary 


4 hours 
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Control 


EHDP —2h . 
EHDP —1h 


EHDP with MDP 
EHDP +1h 
EHDP +2h 


11.49 + 1.09** 
13.96 + 1.35*** 
11.64 -+3.09 


— 














16.70 3- 2.70** 


4.89 -+0.69 









7.23 +0.77* 






1.90 2- 0.44 


Mean + 1 SE. Significantly different from control level * «0.05, ** 0.01, **# — 0.001. 


m 


TABLE IH 


BLOOD LEVELS PERCENT/G 


i 
—— 


4 hours 
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EHDP with MDP 
EHDP +th 
EHDP --2h 


0.10 -+0.02 
0.19 :-0.02** 
0.19 +.0.02* 


or 


Mean -- 1 SE. Significantly different from control level * < 0.05, ** < 0.01, *** < 0.001. 









Control 

EHDP —2 h 
EHDP —ih 
EHDP with MDP 
EHDP +i h 


EHDP --2h 


TABLE IV 


BLADDER PERCENT TOTAL DOSE 


1 hour 


20.72 3- 6.50 

11.43 4- 4.76 
4.77 4-3.33* 

13.66 +7.58 


——— 






—Á 


aat t Pat 


2 hours 


9.02-1- 5.20 


3 hours 


44.204. 4.24 
37.46 .- 11.22 
40.91 :- 10.20 
20.61-- 5,43** 
46.06 -+ 2.86 


Mean -+ 1 SE. Significantly different from control level * « 0.05, ** « 0.01, *** —0.001. 
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4 hours 


63.76 -- 4.24 


———- 


24.32 4.6.24 
54.73 12.07 
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TABLE V 
RATIO OF BONE: BLOOD ACTIVITY 


| hour 2 hours 3 hours 4 hours 
Control 9.54 +0.84 15.25 - 1.68 21.21 — 1.48 38.89 + 2.36 
EHDP —2 h 3.27 +-0.27*** 7.57 —0.78** 10.71 —1.27*** — 
EHDP —th 3.42 -0.24*** 8.54 + 0.86** 15.34+-2.89* — 
EHDP with MDP 4.11 +0.17%** 7.20 + 0,39*** 14.78 —-1.35** 16.05 +0.99*** 
EHDP -—1h — 6.61 + 0.70*** 16.13 —1.69* 19.67 + 1.40%** 
EHDP +2h — — 19.9] 3.19 pam 

Mean + 1 SE. Significantly different from control level * < 0.05, ** <0.01, *** —0.001. 


TABLE VI 
DOSE DEPENDENCY EXPERIMENT 


Bone ",/g Kidney ",/g Bladder ",, dose Blood *,/g Blood: bone ratio 


Control 1.83 +0.09 6.35 0.79 ).72 «6.50 0.20 +0.06 


9,54 -- 0.84 
5 mg/kg 1.42 —-0.06* 1.72 -- 0.2590 45 + 1.25% 0.20 +0.01 7.37 +0.56 
10 mg/kg 1.50 40,11 8.39 +. 2.33 .26 +-6.72 0.27 + 0.02 5.59 -0,44** 
20 mg/kg 1.43 +0.08* 12.63 + 2.00* 3.42 +8.26 0.32 +0.05* 4.49 +0,18*** 





Mean + 1 SE. Significantly different from control level * <0.05, ** <0.01, *** <0.001. 


levels of 99Tcm, as indicated by bladder activity, Study groups 

were shown to correlate with the decreasing kidney Bone activity. Overall EHDP significantly de- 
activity (p<0.01), and bladder volume correlated pressed bone activity, maximally if given early (—2 
with contained activity (p<0.01). Muscle levels at EHDP). The suppression was most marked at the 
one hour were 0.36--0.005, at two hours 0.0174 one hour and three hour stages (Fig. 1). There was, 





0.002, at three hours 0.007 +-0.001 and at four hours however, a significant increase in bone activity in the 
0.01 +0.002. These tissue levels correlated strongly two groups studied at four hours when compared 
with blood levels (p< 0.001). with the control population. The recorded decrease 
i 
A B C 


Fic. 1. 


Scintigrams 3 h after administration of Tc-MDP, 300 000 events being recorded in each. (4) control, (8) —2 EHDP, 
(c) 0 EHDP. 
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Relationship between BONE and BLOOD activity per gram 
ag at Thour from TcMDP injection 
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Fic. 2. 


Yo 2 4 -6 8 — 10 


The relationship between bone and blood activity per gram 

1 h after Tc-MDP injection is shown in four groups of 

animals——control ( x), concurrent administration of EHDP 

and Tc-MDP (6), pre-injection by 1h with EHDP (®) and 

pre-injection by 2 h with EHDP (dashed line and x). 

Significant relationships are obtained in all groups except 
the last, in which a parallel trend is observed. 


in activity was shown not to be dose-dependent 
(Table VI). 

Renal activity. Renal activity was markedly 
affected in most of the study groups with significant 
increases being recorded. The effect was least mark- 
ed in those groups where EHDP had been adminis- 
tered after 'Tc- MDP. Increased renal activity 
correlated with renal size (r—0.46, p< 0.05). The 
alteration in renal activity, when compared with 
controls, was shown to be strongly dose-dependent 
(r=0.76, p< 0.001). Renal activity was shown to be 
below normal with small doses of EHDP and 
increased with higher doses. The increased activity 
was associated again with an increase in renal size 
(r=0.62, p< 0.02). 

Bladder activity. There was a wide range of blad- 
der activity in some groups. Significant reductions in 
bladder activity occurred in association with eleva- 
tion of renal activity. This too was shown to be dose 
dependent (r —0.98, p< 0.001). 

Blood activity. Blood levels tended to be signifi- 
cantly elevated throughout the experimental groups 
although this effect was least marked at the three 
hour stage (Table HI). The elevation of blood levels 
was also dose-dependent (rs =().82, p« 0.001) and 
correlated strongly with an increasing renal activity 
(r—0.85, p<0.001). The combination of altered 
bone and blood activities throughout the study 
groups indicated highly significant changes from the 
control animals when expressed in terms of bone to 


blood activity ratio (Table V). The ratio demon- 
strates highly significant reduction in almost all 
study groups compared with the control population. 
Suppression of bone to blood ratios occurred even in 
the four-hour groups when elevation in absolute 
bone levels had been obtained. T'he bone to blood 
ratio was also demonstrated to be dose-dependent 
(r==0.85, p<0,001). There was no correlation 
between overall blood levels and bone levels in the 
study groups similar to the finding in the control 
population. However, significant correlation could 
be obtained between bone and blood activity at one 
hour from Tc-MDP injection in the 0 EHDP (r= | 
0.97) and —1 EHDP (r=0. 87). A non-significant 
trend was observed also in the —2 EHDP group 


(r=0.76) (Fig. 2). 


DISCUSSION 

The study reveals that the administration of 
unlabelled EHDP at or around the time of injection 
of Tc-MDP causes profound alterations in the 
distribution of the latter. 

The extraction of Tc-MDP by bone in the control 
animals is shown to have peaked at one hour from 
injection and to correlate positively with the blood 
level at this stage. Bone activity thereafter declines 
but an increasing bone to background ratio is 
achieved by a progressive diminution in blood level 
secondary to renal excretion. The effect of loading 
with EHDP would appear to be an all-or-nothing 
phenomenon within the dose range examined in this 
study. There is universal suppression of bone 
activity despite higher blood levels and the main- 
tenance of an overall correlation between the two at 
one hour. The mechanism of this suppression is 
unclear. It is known that low doses of EHDP sup- 
press mineralization rates but have no effect on the 
overall balance between bone deposition and bone 
resorption in experimental animals, and that higher 
doses inhibit mineralization rates disproportionately, 
resulting in a net negative balance (Russell e£ al., 
1973). The time scale of this inhibition is not known. 
Bone accumulation of Tc-MDP 1s dependent upon 
blood supply and perfusion. Diphosphonates leave 
the capillary bed and diffuse across bone fluid to bind 
on hydroxyapatite (Hughes et al., 1978). Since there 
is no indication that diphosphonates alter blood flow 
it must be assumed that the alterations in bone 
uptake observed in the present study reflect changes 
at the site of hydroxyapatite crystal deposition. 
There are no data available to indicate why increased 
deposition of T’c-MDP should have been observed 
in the four hour group. The implications for clinical 
skeletal scintigraphy from the results of this study 
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may be considerable. If the suppression of bone 
activity following acute intravenous administration 
of EHDP were to occur also with chronic oral 
administration, in the management of disease such as 
Paget’s, the interpretation of scintigraphy in the 
follow-up of patients must be open to question, 
particularly if pathological bone is similarly affected. 

Although, clearly, the effects of EHDP on the 
skeleton are of prime importance, the renal effects 
may also be clinically significant. The addition of an 
EHDP load not only suppresses the renal excretion 
but causes an increased renal size, probably by 
inhibiting the excretion pathway (Tróhler et al., 
1973). The increased size and activity in the kidneys 
following EHDP in a dose-dependent fashion sup- 
ports the concept of a relationship with solute load. 
It has also been implied that the excretion pathway 
can be blocked by oncolytic agents resulting in an 
increased renal activity (Lutrin et al., 1978). There 
are no data available to indicate where in the kidneys 
the increased activity is situated. Most probably, 
since the urine volume was reduced in the present 
series, it is likely that it is proximal to the collecting 
system. However, the abnormal renal accumulation 
of Tc-MDP resulting from concurrent EHDP 
loading may have two important sequelae. Firstly, by 
inhibiting excretion and thereby causing high blood 
levels, a poor quality image is achieved, as judged 
by a bone/blood ratio. This may again give a false 
impression of resolution of disease. Secondly, 
persisting and elevated levels of T'c- MDP will result 
in an increased burden of renal radiation. 

The alterations observed in the overall distribu- 
tion of Tc-MDP caused by EHDP, though apparent- 
ly deleterious, may have some clinical benefit. 
Lesions with a rich vascularity may be more obvious, 
particularly at the perfusion phase, by virtue of the 
increased blood-pool activity. Similarly, extra- 
osseous lesions may be more readily visualized by 
the relative suppression of bone activity, as has been 
previously reported in scanning myocardial infarc- 
tion using Vitamin Dg (Carr et al., 1978). However, 
the toxic effects of intravenous EHDP observed in 
the present study, probably due to peptization with a 
fall in free calcium (Fleisch et al., 1970), preclude its 
use in humans, and oral administration, not associa- 
ted with severe side effect, is unsatisfactory because 
of very variable individual absorption rates (Michael 
et al., 1972). 
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Cell labelling and cell damage with indium-111 acetylacetone— 
an alternative to indium 111 oxine 
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MRC Cyclotron Unit, Hammersmith Hospital, London W12 0HS 


(Received November 1980 and in revised form January 1981) 


ABSTRACT 

The labelling of HeLa S3 cells with !!In acetylacetone 
(411Jn-acac) was studied together with cell damage, meas- 
ured by the reduction in colony-forming ability of labelled 
cells. Using 2 x 10? cells/ml in Hepes saline buffer at pH 7.6 
incubated with 7.4-185 kBq (0.2-5.0 pCi/ml H'!In-acac, 
containing 0.1994 acetylacetone for 15 minutes at room 
temperature, 60-80%, !i!In was bound to the cells. The cell 
binding was linear with activity and resulted in an exponen- 
tial reduction in colony forming ability and a Do of 26 kBq 
(0.7 &Ci)/2 x 105 cells. Radiation was shown to be the major 
cause of cell damage. It is concluded that ?!'In-acac is 
preferable to !!!In oxine because it is soluble in physiologi- 
cal buffers, which eliminates the use of ethanol; it 1s quick 
and easy to prepare; and compared with previous results 
using HeLa S3 cells labelled with !!!In oxine, !!!n-acac 
gives much more reproducible results and is no more toxic. 
Clinically, !i!In-acac was shown to give similar results to 
lilin oxine. 


The metal chelate !!!In acetylacetone (i!!In-acac) 
was originally prepared by Sinn et al. (1974) as a 
compound to label erythrocytes, but was sub- 
sequently developed by Sinn and Silvester (1979) as 
an alternative to !H1In oxine for labelling leukocytes 
as it is quicker and easier to prepare. 

In this paper the labelling of HeLa $3 cells with 
111Tn-acac and the resulting cell damage, assayed by 
measuring the colony-forming ability of labelled 
cells, is described and compared with previously 
reported cell damage caused by labelling cells with 
1n oxine. From the results it is concluded that 
111Jn-acac has certain advantages over i!!In oxine 
and can be used as an alternative to 141In oxine for 
labelling cells for clinical and biological use. 


MATERIALS AND METHODS 

Cell culture 

Cultures of HeLa 83 cells were routinely main- 
tained in Eagle's minimum essential medium con- 
taining streptomycin, penicillin, 20 mM Hepes buffer 
and 15°% fetal calf serum (ME-15). For experiments, 
one-day old cultures were trypsinized and the cells 
washed twice in 20 mM Hepes 0.8°%, saline buffer at 
pH 7.6, and resuspended in the same buffer at twice 
the required cell concentration. 


Acetylacetone solutions 
All solutions of acetylacetone were made at double 
strength to allow for dilution with equal volumes of 


cells in Hepes-saline buffer at pH 7.6. Stock 
solutions of Hepes-buffered acetylacetone containing 
0.38%, v/v acetylacetone (Sigma), 20 mM Hepes 
(acid form), 0.8% w/v NaCl in water for injection 
were adjusted to pH 7.6 with 1M NaOH. For stock 
solutions containing more than 0.38% v/v acetyl- 
acetone the amount of NaCl was reduced to give a 
final osmolality of 290-310 mOsmoles when diluted 
with equal volumes of Hepes-saline buffer at pH 
7.6 (290-300 mOsmoles). All the solutions were 
filter-sterilized and stored at 4°C in the dark. 


"ell labelling (standard procedure) 

Two-and-a-half millilitre aliquots of washed cells 
at 4x 105/ml in Hepes-saline buffer were added to 
2.5 ml !i!In-acac previously made by adding 50 pl 
HiInCls (kindly supplied by the Radiochemical 
Centre and diluted in 0.04M HCI to the required 
concentration) to 2.5 ml 0.3894 v/v acetylacetone 
in 20 mM Hepes-saline buffer and incubated for 15 
minutes at room temperature (20-25°C). It was also 
possible to achieve good labelling by resuspending 
cells in 5 ml Hepes-saline containing 0.19% acetyl- 
acetone followed by addition of !!!InClg and 
incubation at room temperature for 15 minutes. Cell 
labelling was stopped by addition of 5 ml tissue 
culture medium containing 30% serum (ME-30) 
and samples were removed to determine the initial 
cell binding, while the remaining cells were washed 
twice with 10 ml ME-15. The cell number was 
determined using a haemocytometer and cell-bound 
radioactivity was measured on a Wallac Ultra- 
gamma Spectrometer. 

To study the effect of temperature, incubation 
time, cell number and acetylacetone concentration 
on the binding of 111In-acac to HeLa S3 cells, the 
appropriate modifications to the standard procedure 
were made using 185 kBq (5 &4Ci)/ml complex 
throughout. 


Cell damage 

The damage produced by labelling HeLa $3 cells 
with 111J[n-acac was assayed by measuring their 
ability to divide and form visible colonies containing 
50 or more cells, Cells were labelled at 2 x 105/ml in 
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buffer under standard conditions, £e. with !!!In- 
acac containing 0.1995 acetylacetone and 7.4-185 
kBq (0.2-5.0 wCi)/ml 1HIn for 15 minutes at room 
temperature. The labelled cells were washed and 
replicate samples of 200 cells were plated into petri 
dishes containing 7 ml ME-15 and incubated for 
colony formation as previously described (Danpure 
and Tyrrell, 1976). Cells treated with 0.19%% acetyl- 
acetone in buffer were used as controls. For cach 
dose of !!!In the amount of radioactivity bound per 
2 x 105 cells was determined before and after wash- 
ing. Unless otherwise stated, all the results are for 
washed cell samples. 

To determine the effect of the radiation from the 
decay of H!In on the colony-forming ability of 
HeLa S3 cells, the same batches of !!!InCls that 
were used to measure cell damage were left to decay 
and then used to prepare fresh solutions of “‘indium- 
acac’’. Cells were then treated with an amount of the 
decayed preparation equivalent to the maximum 
concentration previously used and their colony- 
forming ability measured. 

The toxicity of acetylacetone was determined by 
measuring the colony-forming ability of HeLa $3 
cells treated with varying concentrations of acetyl- 
acetone (0.19-1.9%, v/v) under standard conditions 
of time and temperature, followed by washing and 
plating as previously described. 


Hilh bound per 2x10? cells 


A 





9 10 20 30 40 50 50 
Time (min) 
Fic. 1. 


The effect of incubation time and temperature on the 
binding of MiIn-acac to HeLa 53 cells. RT indicates 
incubation at room temperature (20-25"C). 


RESULTS 
Cell-labelling 

An example of the effect of incubation time and 
temperature on the percentage of !!![n bound to 
washed HeLa S3 cells labelled under standard 
conditions with 185 kBq (5 &uCi)/ml complex is 
shown in Fig. 1. Incubation at room temperature 
(20-25°C) in this instance produced a higher uptake 
than incubation at 37°C, reaching a peak of 86% 
after 30 minutes. However, in a few experiments the 
uptake at 37°C was greater. In all experiments the 
percentage of li!In bound to the cells reached a 
plateau after 15-30 minutes incubation at room 
temperature or 37°C, 

The effect of cell concentration on the binding of 
HlIn-acac to HeLa 35 cells is shown in Table I. An 
increase from 1.5 x 105 to 107 cells/ml produced a 
twofold increase in percent !!1In bound to the cells 
but a 35 fold reduction in activity per cell. In this 
experiment an unusually large amount of the !!!In 
was lost from the cells during washing, but in all 
other experiments it was less than 10% irrespective 
of cell concentration. Where lower cell concentra- 
tions were used (2x 10?-105/ml), only 5-35%, 11In 
was initially bound to the cells (results not shown). 

The concentration of acetylacetone association 
with the !!! In, most of which was not complexed to 
the !!!In, greatly affected the amount of !!1In bound 
to the cells. An optimum binding of 83°, with 
2x 109 cells/ml was achieved with 0.1995 acetyl- 
acetone, but at concentrations above and below these 
the percentage binding was reduced (Fig. 2). 

HeLa $3 cells incubated with !!!InCls in buffer, 
or with !!![n-acac containing 0.1995 acetylacetone 
in medium plus serum (ME-15), showed very low 
levels of cell binding (1-255). 


TABLE I 
EFFECT OF CELL CONCENTRATION ON THE BINDING OF HHN- 
ACAC TO HeLa 53 CELLS 


Percent "!In* bound 
to cells 


Cell 
concentra- | 
tion/ ml x 10? 


washed cells 
2.68 
1.19 
0.69 
0.29 
0.18 
0.077 





* AI] cells were incubated with 185 kBq (5 &Ci)/ml !!!In- 
acac for 15 min at room temperature. 

TDifference between !!!In in samples before and after 
removal of celis. 
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Concentration acetylacetone (v/v) 
Fic. 2. 
The effect of acetylacetone concentration on the binding of 


111[p-acac to cells incubated for 15 minutes at room tem- 
perature. 


Cell damage 

Neither 0.19%% acetylacetone nor up to 740 
kBq/ml (20 pCi/ml) WInCl alone in Hepes-saline 
buffer reduced the colony-forming ability of HeLa 
S3 cells treated at 2 x 10° cells/ml for 15 minutes at 
room temperature. On the other hand cells treated 
under the same conditions with !!!In-acac contain- 
ing 0.1995 acetylacetone and 7.4-185 kBq/ml (0.2-5 
pCi/ml) In showed a linear increase in activity 
bound per 2x 105 cells (Fig. 34) and an exponential 
reduction in colony-forming ability (Fig. 35). The 
experiments were repeated several times but for 
clarity only the results from one experiment are 
shown. The plating efficiency of control cells was 
70—95*94 in all experiments. From Fig. 38 the dose to 
produce one lethal event, Do, (equivalent to 1/e or 
37%, survival) was 26 kBq (0.7 1C1)/2 x 109 washed 
cells, which is equivalent to 2180 cGy (rad) per cell 
if all the !H!In decayed. This estimate of dose is 
based on a modification of the calculation of Silvester 
(1979) for HeLa $3 cells of approximately 161m 
diameter (Steinkamp et al., 1976). 

However, when HeLa 53 cells were labelled with 
Hi[n-acac at 2: 106 cells/ml instead of 2 x 105/ml, 


the percent !!!In bound to the cells increased as in 
Table I but the lower binding per cell resulted in 
proportionately less effect on the colony-forming 
ability of the cells, demonstrating that cell damage is 
directly related to the amount of !!!In bound to the 
cell. 

Similarly, when cells were labelled with !!In-acac 
in tissue-culture medium containing serum (ME-15) 
rather than buffer, no reduction in colony forming 
ability was observed because the amount of !!iIn 
bound to cells was only 1-295. But if the activity 
was greater than 740 kBq/ml (20 uCi/m!) the amount 
of binding was sufficient to reducethe colony-forming 
ability of the labelled cells, 

To ascertain the role of the radiation from H!In in 
producing cell damage, HeLa cells were "labelled" 
with indium acetylacetone freshly prepared from the 
same batches of !iilnClg as used previously but 
after the H!In had decayed. In these experiments no 
reduction in colony-forming ability was observed. 


DISCUSSION 

This paper confirms the previous observations 
(Sinn and Silvester, 1979) that !i!In-acac is an 
efficient cell-labelling agent with some similar 
properties to the widely-used metal chelate !In 
oxine (Thakur et al., 1977; Goodwin, 1978). Both 
compounds are lipid-soluble metal complexes which 
rapidly and non-specifically bind to cells provided 
the cells are labelled in the absence of serum trans- 
ferrin which dissociates the complex (Sarin and 


Munshi, 1977). For example, with 2 x 105/ml HeLa 
cells incubated with !!ifn-acac in Hepes~saline 


buffer for 15 minutes at room temperature, approxi- 
mately 7097 !!1In was bound to the cells, whereas 
with cells suspended in Eagle's medium containing 
15%, fetal calf serum it was reduced to 1-2%,. 

The most important factor in achieving good cell 
labelling with !!!lIn-acac was the concentration of 
acetylacetone used to prepare the !li!In-acac com- 
plex. Using 2 x 105/ml HeLa cells a complex contain- 
ing 0.1995 acetylacetone gave maximum cell binding 
with higher and lower concentrations showing a 
reduction (Fig. 2). However, if the cell concentration 
was doubled to 4 x 105/ml the maximum binding was 
not reduced until the acetylacetone concentration 
exceeded 0,9595. But as acetylacetone alone was 
toxic above 0.38%, at both cell concentrations, it 
would not be advisable to increase the acetylacetone 
concentration above that required to give good cell 
labelling. 

Comparison of the cell labelling properties of 
l!iIn-acac with !HIn oxine, using HeLa 53 cells at 
2 x 105/mlin a serum-free medium, showed that with 
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uCi !!!In bound per 2x10? cells 





Colony- forming ability 


^ 





Ü .2 .4 T ,8 8 1.0 1.2 1.4 0 2 4 6 .8 1.0 
uCi/ ml In applied to cells uti "In bound per 2x10? cells 
A Fic. 3. B 


(a) The amount of Utin bound per 2 x 


: 10? washed HeLa $3 cells in relation to the amount of !!! [n-acac applied to the cells 


using the standard labelling and washing procedure. 


(8) The reduction in colony-forming ability of HeLa S3 cells produced by the levels of !!!In binding from !!![n-acac 
shown in Fig. 3a. 


H1In-acac high levels of cell binding (approximately 
70%) were achieved with low cell numbers (2 x 105/ 
ml), that !!1In binding was linear with activ ity over 
the range 3.7-740 kBq (0.1-20 Ci), and that Wn 
acac made from different batches of !!!InCls gave 
similar levels of cell binding. This contrasted with 
previous results using HeLa 53 cells labelled with 
ttn oxine (Danpure et al., 1979; Chisholm et al., 
1979) where the levels of In cell binding were 
generally lower and variable (2-60°%,) and non-linear 
with activity and where the amount of binding 
changed with every batch of !!!InCl4 used to make 

the !!In oxine. 

Similar comparison between cell damage to HeLa 
53 cells produced by !!![n-acac and !!!In oxine is 
more difficult as the i!!!In oxine data were so 
variable (Danpure et al, 1979; Chisholm et al., 
1979), Attempts to obtain improved results with 
HiÍIn oxine by washing the HeLa $3 cells after 
labelling were unsuccessful. The available data 


suggest that the levels of cell damage produced bv 
the two complexes may be similar. The !!!In-acac 
survival data from several experiments all fit the line 
shown in Fig. 3B and give a Do of 26 kBq (0.7 pCi) 
2 x 10? cells which is equivalent to an initial binding 
of 4: 10* indium atoms per cell. This amounts to a 
dose of 2180 cGy (rad)/cell after decay of all the 
indium. However, the dose received by the cells 
within the first few days after labelling is likely to 
determine their ability to divide, and this dose would 
be much lower. Hofer et al. (1975) have used the 
same technique with L1210 cells and have measured 
the cell damage from two other y-emitting internally 

deposited. radienuclides 14] and 9?Ga, which like 
H1In decay by electron capture releasing a number 
of Auger electrons. With 9?Ga citrate labelled cells 
they obtained a shoulder on their survival curve 
indicating that the cells could tolerate low doses of 
9"Ga without loss of viability, whereas the apparent 
exponential survival of HeLa $3 cells labelled with 
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!11In-acac would indicate no tolerance to low doses 
of UJn. Hofer further showed that it was the pro- 
portion of radiation reaching the cell nucleus which 
was responsible for the cell damage. Similar infor- 
mation about the location of !i!In within the HeLa 
cell is not yet available. 

A comparison of the tissue distribution of rat 
thoracic-duct lymphocytes labelled with !!!In-acac 
containing 0.19945 acetylacetone, with those labelled 
with !!iIn oxine, showed that with more than 185 
kBq (5 pCi) of either !!!In complex/105 cells the 
cells failed to localize in the lymph nodes, indicating 
that the labelled cells were damaged (P. M. Chis- 
holm, personal communication). 

Both the !!!In oxine and H![n-acac data with 
HeLa $3 cells indicate that radiation from the decay 
of 111In is the major cause of cell. damage as cells 
treated with non-radioactive preparations showed no 
reduction in colony-forming ability. The same 
conclusion was reached when rat thoracic duct 
lymphocytes were labelled with !!In-acac (P. M. 
Chisholm, personal communication). 

For clinical and biological use, !!!In-acac has 
several advantages over !i!In oxine and is recom- 
mended by the authors as preferable to !!! In oxine. 
First, H!In-acac can be very rapidly and easily 
prepared just before use by the addition of !!! InnCls 
in acid to sterile solutions of 0.3897, acetvlacetone in 
Hepes-saline buffer to which an equal volume of 
cells in buffer is subsequently added. The solution of 
acetylacetone in Hepes-saline buffer can be stored in 
the dark at 4^C for several months without affecting 
its ability to label cells. This avoids the chloroform 
extraction which is necessary with l!!In oxine 
(Thakur et aL, 1977). Second, !!!In-acac is ad- 
ministered to cells in physiological buffer which 
avoids the necessity for addition of ethanol to cells as 
used with !!!1 In oxine. This is important as ethanol ts 
known to damage cells (Freund and Forbes, 1976) and 
could not be used with HeLa 83 cells at concentra- 
tions in excess of 1°, without reducing their colony- 
forming ability. Commercial preparations of !!!In 
oxine in physiological solutions are now also avail- 
able, but were not tested here. Finally, with HeLa 
S3 cells, 111 In-acac is no more toxic than !!!In oxine, 
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gives much more reproducible cell labelling and cell 
damage than !!!In oxine, and is not affected by any 
variation in the composition of different batches of 
lil[nCls, 

111[n-acac has also been shown to be satisfactory 
for clinical use and white blood cells, red blood cells 
and platelets are now being labelled with !!!In-acac 
at Hammersmith Hospital and are giving similar 
results in patients to !!!In oxine (A. M. Peters, 
personal communication). 


REFERENCES 

CuisHOLM, P. M., Danpure, H. J., Heavey, G. and OSMAN, 
S., 1979. Cell damage resulting from the labelling of rat 
lymphocytes and HeLa S3 cells with In-111 oxine. 
Journal of Nuclear Medicine, 20, 1308-1311. 

Daneure, H. J., Osman, S. and HrssLEwoop, 1., 1979. Cell 
damage associated with !!!In-oxine labelling of a human 
tumour cell line (HeLa S3). Journal of Labelled Com- 
pounds and Radiopharmaceuticals, 16, 116-118. 

DawNprunE, H. J. and 'TynngtL, R. M., 1976. Oxygen- 
dependence of near UV (365 nm) lethality and the inter- 
action of near UV and X-rays in two mammalian cell 
lines. Photochemistry and Photobiology, 23, 171-177. | 

FnEUND, G. and Fonnrs, J. T., 1976. Alcohol toxicity in cell 
culture. Life Sciences, 19, 1067-1072. 

GoopwiN, D. A., 1978. Cell labelling with oxine chelates of 
radioactive metal ions. Techniques and clinical implica- 
tion. Journal of Nuclear Medicine, 19, 557-559. 

Horer, K. G., Harris, C. R. and Smirnu, J. M., 1975. 
Radio-toxicity of intracellular #7Ga, 12351 and ?H. Nuclear 
and cytoplasmic radiation effects in murine L1210 
leukaemia. International Journal of Radiation Biology, 28, 
225-241. 

SaniN, R. and MuNcur, K. N. L, 1977. Stepwise stability 
constants and thermodynamic functions of In(111) com- 
plexes with some substituted derivatives of quinoline and 
pyridine. Indian Journal of Chemistry, 15,4, 327—329. 

SILVESTER, D. J., 1979. Consequences of indium-111 decay 
in vivo. Calculated absorbed radiation dose to cells label- 
led by indium-111 oxine. Journal of Labelled Compounds 
and Radtopharmaceuticals, 16, 193. 

Sinn, H., Groncr, P., CrLonius, J. and Marer-Borst, W., 
1974. Die Markierung von Erythrozyten mit radioaktiven 
Indiumisotope. Nuklear Medizin (Stuttgart), 73, 180-185. 

Sinn, H. and SrLvgsTrER, D. J., 1979. Simplified cell label- 
ling with Indium-111 acetylacetone. British Journal of 
Radiology, 52, 758-759. 

STEINKAMP, J. A., Hansen, K. M. and Crissman, H. A., 
1976. Flow  microfluorimetric and light scattering 
measurement of nuclear and cytoplasmic size in mam- 
malian cells. Journal of Histochemistry and Cytochemistry, 
24, 292-297. 

'THAKUR, M. L., LAVENDER, J. P., ARNOT, R. N., SILVESTER, 
D. J. and SEGaL, A. W., 1977. Indium-111 labelled auto- 
logous leukocytes in man. Journal of Nuclear Medicine, 18, 
1012-1019. 


1981, British Journal of Radiology, 54, 602-605 


Induction of spinal cord paralysis by negative pi-mesons 


By H. l. Amols, Ph.D. and J. M. Yuhas, Ph.D. 


University of New Mexico Cancer Research and Treatment Center, Albuquerque, New Mexico 87131, USA 


( Received August 1980 and in revised form December 1980) 


ABSTRACT 

As part of our investigations on late non-neoplastic injury 
induced by negative pi-mesons (pions), a series of studies 
have been performed using pion beams for the induction of 
spinal cord paralysis in the Fisher 344 rat. Groups of rats 
were exposed to 1, 5 or 15 daily doses of peak pions or X 
rays. Paralysis appeared earlier after treatment with pions 
than after X rays even in a comparison of groups with 
similar final incidences. 

A single dose RBE for spinal cord paralysis of 1.3 was 
found. The RBE rises to a value of 3.2 if the total dose is 
given as a series of 15 daily exposures. These RBEs are far 
larger than we have observed using other late injury end- 
points, such as tubular degeneration in the kidney or 
fibrosis and sclerosis in the support structures of the colon 
for which the single dose RBE is less than 1.2. 

The biological and/or physical basis for the high sensi- 
tivity of the spinal cord to peak pions has not vet been 
resolved, but these data have suggested caution in exposing 
the spinal cord to peak pions in our clinical trials. 


Phase II and Phase III clinical trials of negative pi- 
mesons (pions) are now in progress at the Los 
Alamos Meson Facility (LAMPF) (Kligerman et 
al., 1979). As part of this project, an ongoing study of 
late, non-neoplastic injury induced by pion beams 
on various critical organs and tissues has been under- 
taken. Previous communications have reported 
results for pion-induced injury to the mouse foot and 
skin (Raju and Carpenter, 1978; Yuhas et al., 1979), 
mouse testis (Gomez et al., 1977), mouse kidney 
(Jordan ef al., 1979), and the rat colon (Yuhas et al., 
1979). In this note, we present results for the induc- 
tion of spinal-cord paralysis in Fisher 344 rats. 

These studies were deemed necessary owing to the 
importance of spinal-cord injury in radiotherapy. 
Exposure to radiation of the spinal cord is often of 
critical importance in treatment planning, especially 
for cancers of the head and neck. Tumours in this 
area are currently being scheduled for pion radio- 
therapy. Early studies of spinal-cord injury (Yuhas 
et al., 1979) were limited owing to the extremely low 
dose-rates available at that time. These preliminary 
results, however, indicated that the single dose RBE 
for spinal-cord paralysis could be as high as 1.5. This 
is significantly higher than for other normal tissues 
studied. Consequently, when higher pion dose-rates 
became available, studies of spinal-cord injury were 
reinitiated. 


METHODS AND PROCEDURES 
Three-month-old Fisher 344 female rats were 
used in these investigations. For all animals, a 2 cm 


segment of the lumbar spine (L1-L4) was irradiated 
with either negative pions or X rays. The animals 
were observed weekly through the first year post- 
irradiation. for evidence of paralysis. No grading 
scale was used other than the simple criterion of 
paralysis or no paralysis. 

X-ray exposures were made with a sharply 
collimated (2 x 2 cm?) beam of 300 kV X rays, 2 
mm Cu HVL, at a dose-rate of approximately 80 
cGy (rad) per minute. The animals were anaesthe- 
tized before exposure and positioned in a Lucite 
immobilization cast. Pion exposures were made 
using a nearly identical procedure, also at 80 
cGy/min. 

For the pion exposures, however, special pro- 
cedures had to be undertaken in order to insure that: 
(1) the lumbar spine was uniformally irradiated ; and 
(2) the pion dose to the gut was minimized. 

The technique used to accomplish this is shown 
schematically in Fig. 1. A 2 x 3 cem? Cerrobend 
collimator was fabricated, the edge of which is 
shown as a dark line on Fig. 1. The rats were 
positioned asymetrically under the collimator, so 
that the dose gradient between the lumbar spine 
(hatched area of Fig. 1) and the gut was maximized. 

In this way, the dose to the gut was kept below 
30-50% of the dose to the spinal cord. All pion 
exposures were done at the dose maximum position 
using a narrow peak, as shown in the upper left hand 
corner of Fig. 1. Before exposure, all animals were 
aligned relative to the collimator opening using a 
fluoroscopic unit to assure proper set up. Dose-rates 
for both pions and X rays were measured by use of 
small capsules of TLD powder. 


RESULTS 

At least five animals were used at each dose. The 
treatment regimes tested comprised single doses, five 
fractions in five days and 15 fractions in 18 days. The 
schedule for the 15 fraction experiment was con- 
strained by the accelerator schedule which was five 
days on, two days off, four on, one off and six on. 
Animals were observed weekly for signs of paralvsis, 
up to one year post-irradiation. After one year, the 
total number of paralysed animals in each group was 
noted. The results are shown in Fig. 2 which plots 


602 


1 


DOSE 


% PARALYSIS 


Percentage paralysis vs. total dose for pions (solid curves) and 
X rays (dashed curves), for 1, 3 and 15 fractions. 


the percentage of animals paralysed vs. total dose, for 
pions and X rays given in one, five and 15 fractions. 


addition, the RBE for pions is seen to increase for 
fractionated treatments. Table I records the RBE 
values for the EDso (Ze. the dose required for 
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paralysis of 509; of the exposed animals). The RBE 
for a 15 fraction treatment is 3.2. The single-dose 
RBE of 1.3 also confirms that found in previous 
studies (Yuhas et al, 1979). These RBEs are far 
larger than we have observed using other late-injury 
endpoints such as tubular degeneration in the 
kidney, or fibrosis and sclerosis imn the support 
structures of the colon. As an example, in the latter 
two tissues, the single dose RBE is less than 1.2, and 
fractionated RBEs are less than 1.7. 

In addition to the unusually large RBE observed, 
the induction of spinal cord paralysis by negative 
pions appears to develop earlier than that caused by 
X rays. After exposure to pions, signs of paralysis 
became evident between three and four months 
after exposure. In the X-ray-treated animals, how- 
ever, no paralysis was evident until at least five to six 


months after exposure. This difference remained 


The familiar sigmoid response curve is evident. In 
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valid even when groups with the same final inci- 
dences of paralysis were observed. 


DISCUSSION AND CONCLUSIONS 
The biological and/or physical basis for the high 
sensitivity of the spinal cord to peak pions has not 
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yet been resolved, nor has the difference in temporal 

development of spinal-cord injury been explained. 

However, similar qualitative effects, on the induc- 

tion of spinal-cord injury by 14 MeV neutrons, have 

been observed by van der Kogel (1979) who found 

that: 

(1) paralysis after neutron irradiation occurs sooner 
than after X-irradiation; and 

(2) the RBE for paralvsis following neutron irradia- 
tion 1s higher than for other normal tissues. 

Van der Kogel (1979) has also noted that the 
mechanisms of radiation. damage appeared to be 
similar for neutrons and X rays. Both radiations 
produce lesions which are characterized by demye- 
hnation and necrosis of nerve roots. Although no 
histological studies were made on the pion- 
irradiated animals, one can assume that the lesions 
are also similar in nature. 

In fact, as shown in Fig. 3, the data obtained from 
our plon experiments and those from van der 
Kogel's neutron experiments are remarkably similar. 
Plotted here are values of the EDs 9 vs. number of 
fractions for pions, neutrons and X rays. There is a 
slight difference in the absolute sensitivity of our 
animals compared with van der Kogel’s (who used 
three-month-old male, WAG/Ry rats), but the 
RBEs are very nearly identical. This is seen more 
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EDso vs. number of fractions for X rays, pions and neutrons 
(includes results from van der Kogel, 1979). 


clearly in Fig. 4 in which RBE is plotted against 
fraction size for both sets of data. 'T'he rapid increase 
in RBE as fraction size is decreased is also clearly 
evident. 

While an increase in RBE with decreasing fraction 
size is a well-known phenomenon, the magnitude of 
the increase for spinal cord appears to be far larger 
than for other normal tissues irradiated by pions, 
such as skin, kidney and colon (Yuhas et al., 1979). 

The similarity in. RBE for pions and neutrons 
appears to be somewhat of an anomaly, as most 
tissues studied previously seem to indicate that 
pions have a lower biological effectiveness than do 
neutrons for both single and multifraction regimes. 
An excellent review of these data has been made by 
Raju (1980). Lower pion RBEs would also be expec- 
ted from physical arguments. 

Microdosimetric measurements on a pion beam 
very similar to the one used in these studies indicate 
that the dose-mean lineal energy varies across the 
peak region from 38-57 keV jem (Amols et al., 1976). 
Therapeutic neutron beams on the other hand have 
dose-mean lineal energies of 60-100 keV /im (Amols 
et al., 1977; Rodgers and Gross, 1974). Thus pions 
have a lower mean LET than do neutrons. 

It appears then that the mechanisms involved in 
producing spinal cord paralysis are unusually 
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RBE vs. fraction size for pions (solid circles) and neutrons 
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sensitive to pions. While this phenomenon is not 
clearly understood, these data do suggest that spinal 
cord dose may be a limiting factor in the irradiation 
of certain tumours with pions. 
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Book review 


Fast Neutrons in the Treatment of Cancer. By Mary Catterall 
and D. K. Bewley, pp. 388, 1979 (Academic Press, New 
York/London), £22-40. 

ISBN 0-12-790820—X 

This book is the best and most comprehensive account 
available of every aspect of fast neutron therapy, and is 
written by two outstanding members of an MRC unit that 
has now functioned virtually continuously for 25 years and 
is the most experienced unit of its kind in the world. The 
book falls naturally into two sections, each being the prov- 
ince of one of the two authors, but it does not give the im- 
pression of being two separate monographs coerced into the 
same covers, for the authors have produced a surprising 
degree of uniformity of style and presentation. 

The first section of the book details the radiobiological 
and physical properties of fast neutrons that justify the con- 
tinuing attempts to overcome the engineering and financial 
difficulties of producing a clinically adequate fast neutron 
source. The second section concerns itself with an account 
of how, and with what results, an enviably large number of 
patients with malignancies in a wide variety of sites has 
been treated: this account includes a detailed analysis of the 
prospective randomized trial (FN versus photons) in head 
and neck cancer. The clinical reporting occasionally adopts 
an anecdotal Havour, and more than once a hint of “special 
pleading” suggests itself. These trivial reservations apart, 
the clinical account concerns itself with the largest and most 
consistently treated series of fast neutron patients ever 
accumulated. Imperfections in the design of the prospective 


trial have led to now widely acknowledged doubts about the 
comparability of the two trial groups, and about the statisti- 
cal validity of the trial's conclusion—namely, that fast 
neutrons are demonstrably superior to conventional treat- 
ment of primary and secondary malignancies at many sites. 
To date, most other fast neutron workers have reported less 
encouraging results than the Hammersmith group and some 
have reported conflicting results. 

'The haze surrounding the proper place of fast neutrons in 
radiotherapy may be dispelled when modern high-energy 
neutron generators are put into clinical use. In particular, 
the better penetration and collimation possible with such 
machines will obviate many of the limitations and difficulties 
presently imposed on the Hammersmith workers, who con- 
clude the book with a forcefully-stated argument that further 
trials be mounted using neutron generators capable of pro- 
ducing dose-distributions comparable to those achieved with 
conventional megavoltage photon machines: such trials, 
they suggest, would conclusively demonstrate the superi- 
ority of fast neutrons. 

I have some sympathy with the authors’ submissions but 
recall that the advent of megavoltage treatments did little to 
improve the best results achieved by their orthovoltage 
antecedents, but merely made treatment easier for patient 
and therapist alike. It seems likely that the "fast neutron 
saga" will continue for another 15 years at least, and future 
workers owe a great debt to the authors of this book, as well 
as to their many collaborators over the years. 

M. L. SuTTON. 
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ABSTRACT 

HeLa cells were irradiated at liquid nitrogen temperature 
with negative pions from Nimrod at the Rutherford 
Laboratory and then assayed for survival of colony-forming 
ability. Complete dose-response curves were obtained from 
repeated determinations at 14 different positions along the 
depth-dose profile and survival curves were fitted to the data 
by computer programme. A depth-damage profile was thus 
established in terms of the final slopes of these survival 
curves, T'his confirmed the expected RBE value of 1.84 at 
the ionization peak. Although a value of unity was found in 
the main plateau region, the "entrance" positions showed 
significantly higher values. 


Negative pions offer a combination (Fowler, 1979; 
Skarsgard, 1979) of good dose and RBE localization 
(Raju et al., 1978; Lloyd et al., 1978) with low OER 
(Winston et al., 1973; Prosser, 1980) and relative 
insensitivity to fractionation effects (Mill ef al., 
1976b; Purrott, 1975). Negative pion radiotherapy is 
in progress at the Los Alamos Scientific Laboratory 
(Kligerman et aL, 1977) and is expected soon at 
Vancouver, Canada and Zürich, Switzerland. This 
study, in which HeLa cells were held in small 
ampoules at 1 cm spacing, has enabled the localiz- 
ation with depth to be determined for the pion beam 
at the Rutherford Laboratory where a considerable 
number of pre-clinical studies have been undertaken 
(Ellis et al., 1976). 

lhe main difficulty in obtaining such data has 
been the relatively low dose-rate obtainable. At low 
dose-rates the effect of radiation upon mammalian 
cells may be complicated by proliferation and 
recovery of the cell population if this is maintained 
at a normal temperature during the protracted period 
needed to deliver doses high enough to permit a 
reliable estimate of RBE (Fox and Nias, 1970). 
Previous studies (Nias and Ebert, 1969) with HeLa 
cells irradiated at liquid nitrogen temperature 
(196°C) had shown that there was no change in 
response to irradiation by X or y rays when the dose- 
rate was reduced from 1 Gy/min to 1 Gy/day. Under 
these conditions therefore both the complications of 
assaying the response of mammalian cells to pro- 
tracted irradiation are avoided. Cells, once frozen, 


can be transported the long distances between a 
radiobiological laboratory (e.g., Glasgow) and the 
Rutherford Laboratory and the pion exposure can be 
conducted over any convenient period, with any 
available dose-rate and even with interruptions. So 
long as the total absorbed dose has been measured, 
when the cells are thawed and plated to assay for 
survival of colony-forming ability, the cells respond 
as if they had received a single dose which can be 
considered to have been instantaneous. Using this 
technique we have previously determined the RBE 
of HeLa cells for both pions at the ionization peak 
and 14 MeV neutrons relative to 300 kV X rays (Nias 
et al., 1974). 

The present studies involved a systematic examin- 
ation of variations in the shape of the dose-response 
curves for HeLa cells irradiated at 14 positions along 
the depth-dose profile including the “plateau” and 
the "peak" at doses up to 28 Gy. These data were 
sufficient to enable complete dose-response curves to 
be fitted using a computer programme (Gilbert, 
1969). Some data were also obtained at two positions 
on the “tail” and off axis on the “peak”. The dose- 
response to 250 kV X ravs was also determined 
again, for comparison. 


METHODS 

Biological technique 

HeLa cells were grown in monolayer culture, 
trypsinized and suspended at a concentration of 
109/ml in Eagle's medium supplemented with 2t EA 
calf serum and 10°, of the cryoprotective agent 
dimethyl sulphoxide, In order to ensure compara- 
bility between the more than 100 cell samples 
required for each of the series of irradiations, a large 
population of cells was pooled and 0.4 ml aliquots 
were placed in specially made 0.5 ml polypropylene 
ampoules. These were then frozen together under 
controlled conditions in an automatically program- 
med low-temperature refrigerator (GV Planer Ltd). 
The ampoules were transported to the Rutherford 
Laboratory in dry ice and on receipt were stored in 
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liquid nitrogen. After irradiation they were returned 
to Glasgow in a similar manner. 

At convenient intervals, random batches were 
rapidly thawed by plunging the ampoules in water at 
37°C. The thawed cells were immediately diluted in 
culture medium and counted electronically. Two 
further successive tenfold dilutions were made and 
three replicate 5 ml volumes at each dilution were 
inoculated into T30 plastic bottles on which the 
clones were allowed to grow for ten days before 
fixation and staining. In this way a suitable clone 
density was achieved without the experimenter being 
aware of the history of the sample. No lethally 
irradiated cells were added. Scoring was based on 
clone forming ability as has been described pre- 
viously (Nias and Ebert, 1969). 


The irradiation facility 

The beam line has been described by Perry and 
Hynes (1971). Pions were produced at the Ruther- 
ford Laboratory by the interaction of protons with 
momentum 8 GeV/c (7 GeV energy) from the 
synchrotron Nimrod with atomic nuclei in a copper 
target. 

They were collected in a quadrupole pair, momen- 
tum and charge selected by a bending magnet and 
focused onto the irradiation volume. 'l'he present 
experiments were carried out with a pion beam 
nominally 160 MeV/c (74 MeV) and a momentum 
spread of 13945 full width half maximum (FWHM). 
This produced a peak to plateau dose ratio of about 
1.4 as shown in Fig. 1. The beam size was 5 cm 
FWHM ; 2.2 cm at the 80%, level. 

The results presented were obtained in four 
separate sessions between 1974 and 1977 inclusive, 
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using various copper targets with lengths of 4 to 
10 cm. The smaller lengths were as required by 
other users. Owing to this variation, and changes in 
the proton beam focusing and steering, detailed 
dosimetry was undertaken for each condition. Dose 
rates varied between 0.3 and 1.2 Gy per hour. This 
includes lepton contamination comprising 10°, 
muons and 12 to 15% electrons, depending on the 
target, which contributed 1 and 4% respectively of 
the dose at the peak when allowance was made for 
different spatial and momentum distributions (Ellis 
et al., 1976; Paler et al., 1978). 

A stainless-steel vacuum cryostat with Mylar 
beam-entrance windows held the phantom sub- 
merged in liquid nitrogen. The ampoules were 
positioned in pairs in a horizontal stack of plastic 
discs of composition Cg,;QeNuChHis, density 
1.12 g/cm3. An initial disc which held no ampoules 
was made of a fluorinated hydrocarbon (PTFE, 
2.2 g/cm?) and was shaped to the contour of the 
window, 1.2 cm thick at the centre. In order to 
minimize the effects of air gaps in the ampoules the 
phantom was sloped by 2°, with the entrance higher. 
An arrangement used for a part of the experiment 
is given on the bottom of Fig. 1. 

The comparison with conventional radiation was 
done using 250 kV X rays, 2 mm Cu HVL at a dose 
rate of 1 Gy/min. Cells of the 1977 batch were held 
in their ampoules in a glass Dewar containing a 
polythene insert immersed in liquid nitrogen. 


Dostmetry 

'The pion dose was measured within the phantom 
with a 0.2 c.c. air-equivalent thimble ion chamber 
which, surrounded by a plastic sheath, fitted into the 
same holes as did the ampoules. Dummy ampoules 
were placed in the other holes during the measure- 
ment and the liquid nitrogen replaced with water at 
room temperature. The depth-dose curves in the 
upper part of Fig. 1 differ from other published 
curves (Lloyd et al., 1975; Mill et al., 19762) because 
of the non-axial locus and because of air spaces in the 
upstream ampoules. It further differs from that in 
our earlier paper (Nias et aL, 1974) since in that 
experiment the cells remained at the same position 
relative to the beam elements and different depths 
were obtained by varying the amount of material 
placed in front. 

The ion chamber was calibrated by placing it 
mid-way between two 89Co y sources using a 0.5 cm 
Perspex build-up cap. Dose-exposure constants of 
13.2 R/mCih at 1 cm and 1.03 R/rad were used to 
obtain ®°Co equivalent rad in water (9.63 x 10°17 Gy/ 
Bq sec at 1 m). The inverse-square law was well 
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satisfied and the result agreed to 39?5 with an 
independent calibration by the NRPB Harwell using 
19?Cs, Standard corrections were applied for tem- 
perature and pressure but no further factors were 
apphed for kerma, W value or stopping power 
variations of the pion products, as the uncertainties 
on such corrections exceed the best estimate of the 
corrections. 

In this work, the quoted dose refers to that 
averaged over the chamber volume when centred on 
the cell positions in each ampoule. The linear 
displacement of the effective centre of the ion 
chamber is calculated to be —2.5 mm for a uni- 
directional radiation field. Such a displacement 
would cause an underestimation of 2°, just before 
the peak (at D and El) and an overestimate after the 
peak reaching 895 at F2 falling to 1%, at H3. Smaller 
effects arise from the change of dose distribution due 
to the contraction of the phantom on cooling and the 
replacement of water by liquid nitrogen. These are a 
quarter the magnitude and have been ignored. 

During the time between calibration of the ion 
chamber and its use in the beam its response was 
checked with a portable 99Sr rig (Nuclear Enterprises 
type 2503). A transmission ion chamber served as a 
monitor during the cell exposures. 

The X-ray dose was measured using LiF dosi- 
metry at room temperature, referred to a Baldwin 
secondary standard dosimeter. 


TABLE I 
NUMERICAL RESULTS 


RESULTS 

Survival curves at each of the sites at which we 
have sufficient data to make a fit (two successful 
ampoules from separate irradiations at four different 
doses) are given in Fig. 2. Each point represents the 
relative cloning ability compared to control ampoules 
of the same batch which were transported and 
placed in the phantom but not irradiated. The error 
bars indicate the standard error of the mean of the " 
surviving fractions from the repeated determinations 
at each dose. 
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The data were analysed using the computer z | (NS RIA 
program of Gilbert (1969) which provides figures Modo 
for the shape of a Puck-type cell-survival curve in E: 
terms of its exponential slope and extrapolation 
number. The data from the repeated experiments | > 
were combined and weighted according to the S 
number of observations (1.e., total number of clones) | E 
at each dose at each site. Calculations were made to | eè 
determine the parameters of the survival curve for | Lg 
each site separately. The extrapolation numbers | EX 
obtained by these separate calculations were not E Sa EB 
significantly different. The experimental data were 21 BS gone 
à | AAAS He 


therefore used for a further calculation, assuming 
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*For the degree of variation between the different exposures combined in this experiment see Fig. 1. 
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Fic. 2. 
Dose-survival curves of HeLa cells irradiated by pions at various depths and by X rays. 
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survival curves of the same shape with only a dose 
modifying factor between the different sites in the 
pion beam. The common extrapolation number was 
previous determinations (Nias et al., 1974)). The final 
slope of the curves is the negative exponential term 
Do which dominates at high doses. 

The survival curve for X-irradiated cells is also 
shown in Fig. 2. These limited data were sufficient to 
confirm that the radiosensitivity of the HeLa cells, 
Do==6.50--0.71 Gy, had not changed significantly 
since our previous determination (Do=6.77 +0.31 
Gy). RBE values were obtained by a simple com- 
parison of D, values and are listed in Table I 
together with corresponding depths and relative 
doses. 

The RBE for the pion beam at position B3 (6.7 cm 
depth) is 1.18 (with reference to X rays). If this 
position in the beam is taken as the "plateau" then 
the peak to plateau ratio can be derived by comparing 
the D, values for pions at positions E2 and B3 and a 
value of 1.84 is obtained (compared to 1.86 in our 
previous report) A ratio can also be obtained 
between the "entrance" and the plateau by com- 
paring the Do values at positions Al and B3, giving a 
value of 1.30. 

As the above analysis was our first priority we did 
not routinely measure the response over the entire 
phantom for a given number of incident pions. 
Cells were usually removed early from the peak 
position, and kept in place on the tail so as to obtain 
similar survival levels. There were exceptions when 
ampoules were simultaneously exposed at a signifi- 
cant number of depths and then removed. These are 
given in Fig. 3 together with the relevant dose profile. 
The error bars are determined as in Fig. 2, where 
data allow, or else are of a similar magnitude. The 
1977 data are put with the 1976 data as they only 
cover the plateau region. 

At positions well away from the beam axis, it is 
expected that the beam quality may alter due to the 
different spatial distributions of the lepton contami- 
nants and the higher proportion of pion-induced 
dose from neutrons and fast products. Off-axis 
exposures were taken at the peak positions El 
(sideways) and E2 (sideways-up). At these positions 
the dose had fallen to 37% and 4395, respectively, of 
the dose on axis. The survival was 7.0 and 0.9 times 
higher than the expected survival at these depths and 
doses. Allowance has been made for the 2:1 dose 
variation over the E2 off-axis sample. This indicates 
RBE values of 1.3 and 2.3 off axis (compared with 
RBE values of 2.0 and 2.17 for positions El and E2 
on axis; Table I). The data at these two off-axis 


positions give some indication that at the edge of a 
narrow pion beam in the peak region the biological 
effect falls off faster than the dose. 


Discussion 

Dose is quoted in terms of the response of the ion 
chamber to y rays. Corrections to be applied because 
of the nature of pion radiation could be as large as 
20% and variable over the phantom. The pion W 
value, the energy required to liberate one ion pair, 
has been variously estimated as 1.03 (Perris et al., 
1978) and 1.01 (Shortt, 1979) times that of electrons. 
Further uncertainties are introduced by the ion 
chamber not being a perfect Bragg-Gray cavity and 
not being tissue equivalent, lacking oxygen and 
hydrogen. The ratio of the stopping power of carbon 
to wet tissue for the pions and most of the products 
of their interactions is 0.9 (ICRU 1978; Bichsel 
1968). ‘The energy released to charged fragments at a 
pion interaction accounts for half the dose in the 
peak region. A theoretical estimate by Guthrie 
(1968) of the ratio from carbon and oxygen is 0.82. 
À measurement by Fowler and Mays (1967) using 
wet and dry emulsion found 1.05-+-0.13. Shortt 
(1979) reports a determination by Amols et al., 
(1979) using a counter technique of 2.0 4-0.7. Perris 
et al. (1978) found the ratio for C: muscle equivalent 
solution: O to be 1.042-0.19: 1.13--0.19: 1. The 
contribution from interactions in flight on the 
plateau is largely unknown. It probably accounts for 
2595 of the dose there and includes fast low LET 
products. Only one limited experiment has been 
reported (Perris et al., 1978). A direct comparison 
with a neutron tissue-equivalent ion chamber and 
tests in which spherical shells of polythene replaced 
water about the ion chamber produced negligible 
effect (Smith and Telling, 1975). 

In these studies with frozen HeLa cells, pions are 
shown to have the expected localization in radiation 
quality (high RBE) as well as in dose. This is indi- 
cated in the survival-depth curves, Fig. 3, and the Do 
and RBE values obtained from the survival-dose 
curves as shown in Figs. 4 and 5 and Table I. These 
data are in agreement with our previous observations 
of frozen HeLa cells irradiated with pions at the 
ionization peak (D5—3.64--0.24 Gy) and with 300 
kV X rays (Do—6.77 +0.31 Gy) which indicated an 
RBE of 1.86 (Nias et al., 1974). We had also observed 
an RBE value of 1 in the plateau region which is also 
in agreement with the current data at the 6.7 cm 
position (‘Table I). 

Other workers have found similar values for RBE 
at the ionization peak of the Nimrod pion beam. 
Perhaps the more useful parameter, for clinical 
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(1975) (1976 and 1977) 
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Fic. 3. 


Survival of HeLa cells as a function of depth in a phantom. Each curve shows the response of cells simultaneously exposed to 
an incident pion beam with the depth-dose distribution illustrated. Results are shown from all four experimental sessions. 


G Calculated Fractional Dose from pion stars * 


purposes at least, is the peak to plateau ratio in terms 
of RBE values. Our present data show a maximum of 
1.84 if the 6.7 cm position is chosen to represent the 
plateau. Most other workers either use a similar 
position to this or do not specify the precise position 
in the plateau. (The relative paucity of data from 
"surface" positions is discussed below.) The peak to 
plateau ratio for chromosomal damage in human 
peripheral blood lymphocytes was 1.8 (Lloyd et al., 
1975) but reduced to 1.5 with the sort of broader 
peak more applicable to clinical practice (Lloyd et al., 
1978); for Victa faba root growth it was about 2 
(Winston et al., 1973); for the survival of HeLa cells 
irradiated at room temperature it was 1.4 (Mill et al., 
1976a). With the Los Alamos pion beam the ratio for 
V79 cell survival was 1.5 (Raju et al., 1978); with the 
TRIUMF beam the ratio for CHO cell survival was 
also 1.5 (Skarsgard et al., 1977); with the SIN beam 
the ratio for V79 cell survival was 1.8 for monolayer 
cultures and 1.5 for spheroids (Dertinger et al., 1976) 
for a 5 cm peak width. 


Fic. 4. 

'The variation with depth of dose and D, as determined in 
this experiment compared with the fraction of the dose with 
high LET and a theoretical estimate of the fraction of the 
dose due to 35 MeV per pion star. 
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‘The variation with depth of dose and RBE as determined in 


this experiment compared to RBE as computed from LET 


measurements and from the pion star distribution. 


It is instructive to compare the observed D, and 
RBE with calculated values based on the physical 
characteristics of the beam line and radiation field. 
This is done on Figs. 4 and 5. 

On Fig. 4 the D, distribution is shown together 
with the fraction of dose with a high LET (between 
7 and 700 keV/um) as measured with an EG&G 
Rossi counter in water (Lewis, 1979). A separate 
comparison between depths of 2 g/cm? and 6.5 g/cm? 
showed no significant difference. At the peak depth 
an enhanced low LET contribution was observed 
when the counter was moved off axis. There is also 
shown on Fig. 4 a theoretical curve of the fraction of 
the dose with high LET. This 1s from a Monte Carlo 
calculation which tracked pions through the beam 
line elements so as to obtain the momentum distribu- 
tion incident on the phantom, and hence the distri- 
bution of pion stars. High LET in this instance is 
defined as 35 MeV per pion star, the 30 MeV from 


charged products (Fowler and Mays, 1967; Mech- 
tersheimer et al., 1978) and 5 MeV deposited by the 
absorption of emitted neutrons. This value is 
reasonable for pion interactions in flight as well as at 
rest, for in flight the increased energy of secondary 
products adds a low LET component. This is taken 
as a third of the pion's kinetic energy. 

Both these fractional dose curves have been 
normalized with depth according to the measured or 
calculated position of the dose peak, as they were 
obtained with different phantoms. 

It is seen that De and the fractional dose curves 
have similar widths and reach extreme values 2-3 
cm beyond the dose peak. At the peak the greater 
fractional dose derived from the Monte Carlo 
calculation is consistent with the inclusion of dose 
due to products with LET < 7 keV/um. 

The RBE is taken as the ratio of D, values and may 
thus be considered independent of dose. This allows 
us to say that the pion dose is equivalent to a low 
LET radiation equal to the low LET component of 
the pion dose plus the high LET component multi- 
plied by an arbitrary RBE. Thus 

low LET equivalent dose 


REE Gin) age e 


Dose (low LET)~- Dose (high LET) x RBE (high LET) 


a AirMail Ue Rem ARNE RIYA MEMRAM hore hr AFH rte 


Dose (low LET)-- Dose (high LET) 


Taking the value 3.0 for RBE (high LET), theoreti- 
cal values of RBE (pion) have been calculated as a 
function of depth using both the experimental and 
theoretical estimates of the fraction of dose with high 
LET. These values are plotted on Fig. 5 together 
with the measured RBE and dose. There is fair 
agreement, with all the determinations of RBE 
reaching high values at the dose peak and staying 
high for 4 cm thereafter. 

The experimental RBE has an enhancement near 
the surface which decreases with depth, in contrast 
to the predictions. 1t should be noted that we have 
not investigated the RBE right | at the surface as our 
first sample mid-line was at 1.7 cm (3.2 g/cm?). An 
effect near the surface in this beam has been reported 
by Winston et al. (1974) and Lloyd et al. (1978), 
though another recent experiment by Lloyd (1981) 
does not support it. The surface region has not been 
explored in any other pion beam. Raju et al. (1978), 
for example, state that the "entrance" region in their 
studies was very close to the proximal side of the 
peak. 

There are several factors which may produce an 
enhanced effect near the surface, but none of the 
magnitude indicated. The pion cross-section de- 
creases with depth in the phantom (Binon et al., 
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1970; Clough et al., 1973; Doss et al., 1976) and is 
allowed for in our calculations. Any multiply 
charged particles in the beam with the design 
momentum of the beam line would have too short a 
range. Incident neutrons have been measured and 
give an estimated dose contribution of < 1%, at the 
peak (Ellis et al., 1976). The initial PTFE disc might 
have produced higher LET products, but none were 
observed using the Rossi counter (Lewis, 1979). 
Finally, an additional high LET component would 
be generated by secondary products and scattered 
pions from the flange of the vacuum window of the 
phantom, but only 10°% of the pion beam failed to 
clear this collimator. 

Whatever the explanation may be, we draw 
attention to this enhanced effect at the surface in our 
experimental set-up since the particular circumstan- 
ces that produce it may possibly be reproduced in 
certain clinical pion facilities. In such a case, an 
increased skin or mucosal reaction may be noted and 
it should then be possible to modify the treatment 
portal if this reaction is deemed unacceptable. The 
peak to plateau RBE ratio of 1.84 would otherwise be 
reduced to a peak to “entrance” ratio of 1.41 and this 
would reduce the clinical advantage of the dose 
distribution and effect of such a pion beam. 

Finally, we draw the reader’s attention to our data 
taken on the tail, well beyond the ionization peak 
(Fig. 2.). It is seen that Do is not well determined, 
but is anomalously low. We note that the cells had to 
stay in the phantom for up to three weeks during the 
irradiation but since they were maintained in liquid 
nitrogen this should not have influenced the re- 
sponse. The measured dose rates were low (0.05 to 
0.2 Gy/h) adjacent to a much higher dose rate region, 
and this might have given rise to errors in dosimetry. 
We have no indication that any such factors did, in 
fact, contribute to a false value. 


CONCLUSION 

HeLa cells have been subjected to the radiation 
field of negative pi-mesons at representative posi- 
tions in a phantom and at a large range of doses. 
Significant enhancement of effect was seen at the 
peak region with an RBE of 2.17, compared to the 
plateau value of 1.18 as listed in Table I. There were 
indications of increased effect near the surface 
although this has no theoretical support. The radi- 
ation beyond the peak produces little damage 
consistent with an RBE of unity or lower. 

This experiment adds to the growing body of data 
which indicates that negative pions have great 
promise for the treatment of cancer. 
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(Cambridge University Press), £18-00 hardback; £5-95 
paperback. 
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Considering the importance of the subject and the 
scientific effort devoted to it, there are surprisingly few 
comprehensive books on radiobiology. This latest volume, 
as the title suggests, confines itself to the response of cells 
to radiation, with only a short section on im vivo radio- 
biology at the end. The author has had a distinguished 
career in radiobiology and this work has a recognisably 
personal approach to the subject. 

In concept it is a teaching book and the reader is led 
through the 17 chapters with new concepts being introduced 
only when it is appropriate to explain them in full. This 
technique does not always make for the smoothest reading, 
however. The book is particularly strong in the chapters on 
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target theory and cell-survival-curve shapes (Chapters 4 and 
5). In this respect it is the most up-to-date and definitive 
work in these areas and will no doubt become the standard 
reference source for many years to come. 

However, the book is not without errors that should have 
been spotted in proof reading and, while many of them are 
fairly obvious, there is a large concentration in Chapter 6 
which could confuse all but the brighter student. For 
example, in the appendix of derivations (p. 69) there are un- 
necessary conceptual complications and about nine mis- 
prints, while p. 42 contains (1) a misquote of published data 
and (ii) in note (e) "anoxic" has been used instead of “oxic”. 

On balance, the good points outweigh the less good ones 
and I recommend this volume not only to the appropriate 
scientific libraries but as an addition to the personal collec- 
tions of radiobiologists. 

M. FIELDEN. 
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ABSTRACT 

Various bacterial strains have been exposed to a homo- 
geneous magnetic field of 1 Tesla and to the conditions 
found in an NMR imaging experiment of the type used in a 
recent abdominal scan (Mansfield et al., 1978). No muta- 
genic or lethal effects were observed. The activity of the 
bacterial enzyme f-galactosidase was also found to be inde- 
pendent of the applied magnetic field. 


Nuclear magnetic resonance (NMR) spectroscopy is 
a powerful analytical tool used routinely for the 
determination of sample compositions, for the eluci- 
dation of molecular structures and for the study of 
molecular motions. Whereas its importance to the 
organic chemist is paramount, the medical appli- 
cation to date has been limited, being restricted by 
the small sample volume (1 cm?) and lack of spatial 
discrimination. Nevertheless, some progress has 
been made in this area, for instance the detection of 
malignancy in biopsy samples (Damadian, 1971; 
Koutcher et al., 1978) and the metabolic studies of 
perfused organs such as the heart and liver (Gadian, 
1977). 

The development of NMR imaging techniques 
(Lauterbur, 1973; Mansfield and Grannell, 1973) 
and their subsequent extension to intermediate 
(Hinshaw et al., 1977) and whole-body dimensions 
(Damadian et al., 1977; Mansfield et al., 1978; 
Mallard et al., 1980; Moore and Holland, 1980) en- 
courages us to believe that medical imaging by 
NMR will become a reality within the next few 
years. 

A major attraction of the technique is the apparent 
lack of associated hazard; power levels are in general 
low and there is no ionizing radiation. Nevertheless, 
with the increasing number of experiments on 
human subjects, we believe that the time has come 
for a careful appraisal of potential health hazards 
using modern screening techniques such as those of 
Ames (1971). (Although these were developed for 
chemical mutagens they can equally well be used for 
physical agents.) 

In the present study a series of exploratory experi- 
ments were performed in which bacterial strains 





*Present address and address for reprints: NMR Centre, 
National Institute for Medical Research, The Ridgeway, 
Mill Hill, London NW7 1AA. 


were exposed to conditions comparable with the ab- 
dominal proton NMR scan referred to above (Mans- 
field et al., 1978). 

It is likely that NMR imaging will be applied to 
other nuclei, for instance ?!P, which will require the 
use of larger magnetic fields. A second series of ex- 
periments was therefore performed in which the 
effects of a 1 tesla magnetic field on the same series 
of bacterial strains and an enzyme system (B-galacto- 
sidase) were investigated. 

'This study is the first in a series of investigations 
into possible hazards associated with NMR imaging. 
'The second, dealing with human white blood cells, 
appears as the subsequent paper in this issue (Cooke 
and Morris, 1981). Other experiments on higher 
organisms are at present under way in this laboratory 
and will be reported at a later date. 


PorENTIAL Hazarps OF NMR [MAGING 

The principal features of an NMR imaging experi- 
ment which are potential health hazards are: the 
static magnetic field, the radiofrequency power and 
the time-dependent field gradients. The relative im- 
portance of these effects has been recently reviewed 
(Budinger, 1979) and only a brief discussion is 
therefore given below. It is conceivable that effects 
may arise from the combination of some or all of the 
above experimental features, hence our decision to 
expose the screens to a full imaging experiment. 


Static magnetic fields 

The literature on homogeneous magnetic field 
effects is extensive and often contradictory (Bar- 
nothy, 1964, 1969; Tenforde, 1978). 

The predominant effects will probably be inter- 
actions with the anisotropic magnetic susceptibility of 
large molecules resulting in a change of conform- 
ation or orientation which may affect enzyme 
activity. Minor effects may be interactions with 
paramagnetic centres which could be present natur- 
ally or occur as reaction intermediates. Finally, any 
ferromagnetic material which may form part of a 
"magnetic" guidance system in certain organisms 
(Blakemore et al., 1979) will obviously show a strong 
effect. 
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Budinger (1979) concludes from his survey how- 
ever that “no substantial biological evidence exists 
for magnetic field effects below 0.5 T”. 


Radio-frequency power 

At the power levels currently proposed for NMR 
imaging there is no evidence for any effect in the 
human body other than radiofrequency heating. 
Even this effect represents only a small fraction of 
the heating by the basal metabolic rate and is thus 
well within the current US safety standard. 


Time-dependent magnetic fields 

Most NMR imaging methods involve oscillatory 
or switched magnetic field gradients which induce 
EMPFs and therefore currents in the conducting 
regions cf the body. Budinger (1979) estimates, on 
the basi of a simple model, that a magnetic field 
varying at | T $^! will give rise to a current density 
of 1 pA enr ?. Based on the threshold levels for ob- 
servation of phosphenes and other physiological 
effects, it is concluded that field variations of 3 T s~? 
or less should not have a significant biological effect. 
This figure, however, may well depend on the de- 
tailed time variation of the magnetic field as well as 
on the peak value of dB/dt. 


EXPERIMENTAL DETAILS 
High field 
A homogeneous magnetic field of 1 T was pro- 
duced by a Varian 3400 electromagnet. The bac- 
terial strains were exposed pi either one or five 
hours at a temperature of 274-3°C, whereas for an 
enzyme study exposure was Hor a period of 40 
minutes at a temperature of 26 4-0.25^C, 


NMR imaging exposure 

The bacterial strains were exposed to conditions 
similar to those experienced in a whole-body NMR 
scan (Mansfield et al, 1978). Details of the line 
scanning method and of the apparatus are available 
elsewhere (Mansfield et al, 1976; Morris et al., 
1979) and therefore only the features representing 
possible biological hazards are described below. 

The experiment consisted of two stages: a 
“setting-up” period of approximately half-an-hour 
when only the static magnetic field was applied, and 
a period of either 40 minutes or five hours (see in- 
dividual experiments for details) during which the 
full NMR imaging experiment was performed. The 
mean temperature during the experiment was 
30--37C. 

Experimental details were as follows: 

Static magnetic field: 0.09395 'T 


Radiofrequency transmitter power: peak 4.35 W, 
mean 0.097 W. (Mean power absorbed by the 
torso in an abdominal scan is estimated as about 
0.03 W). 

Switched field gradients*: switching occurs approxi- 
mately 9 times s^. Maximum dB/dt during 
switching is approximately 1 T s^! 


BIOLOGICAL TEST SYSTEM AND RESULTS 

1. Survival of E. coli 

This experiment was designed to test the direct 
effect of an NMR imaging experiment on the sur- 
vival of bacterial cells using media and culture 
methods described previously by Low (1973a; b). 
Standard aseptic techniques were used throughout. 

An exponential culture of Escherichia coli, strain 
AB1157 (Bachman, 1972), was grown in Luria Broth 
(LB) to an optical density (OD) of 0.4 (650 nm) 
which corresponds to about 2x108 cells mi~, 
Dilutions were made in 56/2 buffer (a minimal salts 
buffer consisting of KHaPO4, NasHPO4, MgSO, 
pd SANG? ane FeSO, dissolved m dis- 


E to LB. agar (1.859) plates (90 mm salle 
microbial petri dishes). Nine plates were prepared, 
each carrying 16 drops of identical dilutions of the 
same culture. 

In sets of three the plates were: 

Bl left on the bench as a control; 
B2 subjected to NMR imaging for 40 minutes; 
B3 subjected to a 1 T static field for one hour. 

If the viability is unaffected by the treatment, then 
each cell should have the ability to form a colony. 
The plates were therefore incubated at 35°C for 12 
hours and the number of bacterial colonies within 
each drop was scored. 

Results and analysis. 'The colony scores are shown 
in the upper part of Table I. Each individual figure 
refers to the number of colonies within an aliquot 
and each block of 16 represents a plate. 

In order to determine whether there are any 
differences between the numbers of colonies on the 
plates a two-way analysis of variance was carried out. 
This is shown in the lower part of Table I and shows 
that, although the repeat (A) and treatment (B) 
terms show no significance, the interactive term 
(AB) is significant at the 5°, level. In order to in- 
vestigate further the source of this variance, each 


*In the case of the bacteriophage induction assay an echo- 
AER imaging (Mansfield and Pykett, 1978; Mansfield et al. 

1980) exposure of five hours was used. The gradients were 
switched , approximately ot times sl w ith a maximum 


frequency pow er were A as above 
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TABLE I 
SURVIVAL or AB1157 (WILD TYPE) 





Colony scores 


a A 


B treatments 





























1 Control 2 Imaging exposure 3 High field exposure 
1 16 11 13 9 14 19 17 12 13 15 12 15 
14 14 9 10 9 21 12 13 16 15 13 13 
18 8 10 14 14 14 12 14 17 15 16 8 
14 6 12 12 12 17 9 10 14 20 11 10 
2 8 10 12 14 17 15 16 12 12 12 13 16 
A 13 9 18 7 17 10 14 15 10 12 10 13 
Repeats 13 12 14 9 17 13 16 10 10 8 15 15 
12 15 5 21 15 12 15 12 10 15 15 14 
3 9 11 15 13 9 16 7 17 20 15 14 20 
14 11 17 18 9 9 11 9 12 9 16 18 
11 10 12 18 11 14 12 9 17 16 21 8 
16 14 16 10 9 13 17 10 12 15 18 12 
Two way analysis of variance 
Source of variance Mean squares Degrees of freedom F-ratio 
Total 10.991 143 
Between cells 25.219 8 
Between repeats (A) 2.583 2 0.2546 
Between treatments (B) 24.938 2 2.4573 
Interactive (AB) 36.677 4 3.6142* 
Within cells 10.148 135 
*Statistically significant. 
TABLE 11 
TUKEY ANALYSIS OF AB1157 SCORES 
Comparison of repeats (A) (Averaging over treatments (B)) 
Cell number Al A2 A3 
Means 13.1667 12.8750 13.3333 
Comparison of cells ATxA2- 0.63 A2 x A3 = —1.00 
Al x A3 —0.36 
Comparison of treatments (B) (Averaging over repeats (A)) 
Cell number B1 B2 B3 
Means 12.4375 13.0625 13.8750 
Comparison of cells Bi x B2— —1.36 B2 x B3 = —1.77 
Bi x B3 = —3.13 
Comparison of individual cells 
Means ANB 1 2 3 
1 11.8750 13.6875 13.9375 
2 12.0000 14.1250 12.5000 
3 13.4375 11.3750 15.1875 
Comparison of cells A3B3 A2B3 A1B3 A3B2 A2B2 A1B2 A3B1 A2B1 
AIBI  — 416 —0.78 —2.59 063 —2.83 -228 —1.96 —0.1 6 
A2B1 —400  — 0.63  —2.433 0.78  —2.67 -—2.12  -—1.80 
A3B1 — 2.20 1.18 —0.63 2.59 ~—0.86 | —0.3 
ATB2  —1.88 1.49 ~-0.31 2.90 ~-0.55 
A2B2  — 1.33 2.04 0.24 3.45 
A3B2  —4.79*  — 1.41 —3.22 
ATB3 — 1.57 1.80 
A2B3 -3.37 


*Statistically significant. 
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TABLE III 
SURVIVAL OF MUTANT STRAINS 








Colony scores 












B treatments 






1 Control 


15 25 20 10 
24 21 26 14 20 
15 21 22 13 17 
23 15 28 22 
19 23 16 12 
1 17 18 27 15 
18 22 12 19 16 
1 11 12 21 
11. 18 12 14 
10 14 14 17 13 
15 10 10 H 9 
14 11 7 8 


2 Imaging exposure 3 High field exposure 













16 22 19 17 3 21 17 22 
21 16 1d! 144 22 i0 24 20 17 17 
19 19 18 9- X3 17 11. 17 13 16 
i1 16 19 19 21 32 21 16 
23 16 22 19 22 17 18 1 
16 19 19 10 15 22 12 9 13 14 
14 28 11 23 10 23 20 23 25 15 
24 37. 21 2 17 14 14 12 


12 9 13 12 11 
wo 450 dE 16- dO 10 7 
14 19 9 13 8 10 12 
10 9 13 M 11 



































strains 




































Source of variance Mean squares Degrees of freedom | F-ratio 
Total 25.210 161 
Between cells 171.816 8 
Between strains (A) 639.747 2 36.4639* 
Between treatments (B) 11.710 2 0.6674 
Interactive (AB) 17.904 4 1.0205 
Within cells 17.545 153 





*Statistically significant 


TABLE IV 
T'UKEY ANALYSIS OF MUTANT SCORES 


Comparison of strains (A) (Averaging over treatments (B)) 


Cell number Al A2 A3 
Means 18.0926 17.4444 11.8333 
Comparison of cells Alx A2— 1.14 A2 x A3«9,84* 


Al x A3 = 10.98* 


Comparison of treatments (B) ( Averaging over strains (A)) 


Cell number Bl B2 B3 

Means 16.3148 15.6296 15.4259 

Comparison of cells B1 x B2= 1.20 B2 x B3 = 0.36 
Bl x B3 == 1.56 


Comparison of individual cells 


Means ANB 1 2 3 
1 19.5000 16.7222 18.0556 
2 17.3333 18.2778 16.7222 
3 12.1111 11.8889 11.5000 
Comparison of cells A3B3 A2B3 A1B3 A3B2  A2B2 ATB2  A3B1 A2BI 
AIBi  8.10* 2.81 1.46 7.71* 1.24 2.81 7.48* 2.19 
A2Bi 5.91* 0.62  —0.73 5.51* — —0.96 0.60  5.29* 
A3B1 0.62 —4.07  —6.02* 0.23 —6.25* . — 4.67 


ATB2  $5.29* 0.00 | —1.35 4.90* —1.58 
A2B2  60.87* 1.58 0.23 6.47* 





A3B2 0.39 — 4,90 —0.23* 
A1B3  6.64* 1.35 
A2B3 5.29* 
*Statistically significant. 
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plate can be treated as a cell and the Tukey method 
(Veldman, 1967; Youngman, 1975) used to compare 
cell means. First, we can take the cells in groups of 
three, averaging over repeats (À) or treatments (B) 
as shown in the upper part of Table II. The q factors 
thus obtained are not significant indicating that 
there is no net difference between repeats or treat- 
ments. Second, when we compare each cell with 
every other cell, as shown in the lower part of Table 
II, it becomes clear that it is a high mean (increased 
viability) for cell A3B3 (third repeat of the high 
field treatment) which is the source of the variance. 
Since there is no significance of the high field treat- 
ment when averaged over repeats (Bl; B3 and 
B2 x B3) we may conclude that neither it nor NMR 
imaging adversely affects the viability of the cells 
under the conditions employed. 


2. Survival of repair deficient strains of E. coli 

As bacteria have mechanisms which act to repair 
damage to DNA (Witkin, 1976), slight damage may 
not become apparent through its efficient repair. 
There are three main pathways through which this 
can be effected: photoreactivation, recombination 
and excision repair. Photoreactivation is important 
only for the repair of UV-induced effects, whereas 
recombination and excision repair are associated 
with other types of damage. It is possible to block 
either or both of these latter pathways in certain 
bacterial strains, e.g. recA (recombination) or uor A 
(excision). In a strain with both mutations present, 
the slightest damage to DNA is often lethal (for 
example 3 J M-? UV reduces the survival of N2125 
(see below) by four orders of magnitude whilst 
leaving the normal strain largely unaffected.) By 
using strains carrying these mutations it should 
therefore be possible to see more clearly if any DNA 
damage is being produced. 

Materials and methods. Using the bacteriological 
methods described above plates were prepared with 
three different strains, namely, AB2463-—rec4, 
AB1886--uvr.A (Bachman, 1972), and N2125, a 
double uvr A recA, derived by crossing AB1886 with 
KL1699 (Bachman, 1972). Eighteen drops were 
used for each plate and exposure was for five hours. 

Results and analysis, The individual plate scores and 
a statistical analysis are shown in Table III. The 
variance suggests that there are real differences be- 
tween the survival of the different strains, but not 
between strains exposed to different treatments or to 
interaction between strains and treatment. 

The corresponding Tukey analysis comparing 
strains (A) averaged over treatments (B) and treat- 
ments averaged over strains is shown in the upper 


part of Table IV. It suggests that although A3, the 
double mutant, differs from the other two strains it 
responds equally with respect to the different treat- 
ments. 

The Tukey analysis in the lower part of Table IV 
compares each cell with every other cell and shows 
that cells A3B1, A3B2 and A3B3 differ from all other 
cells, but not from each other. Thus it is clear that 
even though N2125 is less viable under control con- 
ditions it is as equally unaffected as AB2463 and 
AB1886 by NMR imaging and high-field exposure. 


3. Reversion 

Changes in the DNA base sequence (mutation) of 
a structural gene can alter or abolish the function 
of the gene product. When loss of function prevents 
synthesis of required metabolites, growth is depen- 
dent on supplementation with the appropriate sub- 
stance. Such a mutant strain can however regain the 
ability to grow in an unsupplemented medium by 
reverse mutation (reversion). The frequency of re- 
version, though very low, can easily be determined 
by spreading a large number of cells on a medium 
lacking the growth supplement since only the revert- 
ants are able to grow to form colonies. The frequency 
of reversion is a measure of mutation frequency so 
that, by scoring colonies, it is possible to determine 
whether NMR has a mutagenic effect. 

Materials and methods. E. coli strain AB1157, which 
has to be supplemented with biotin, arginine, pro- 
line, histidine, threonine and leucine for growth, was 
used. It was grown in LB to an OD of 0.4 (650 nm) 
(equivalent to about 2x 108 cells per ml). The cells 
were centrifuged, rinsed twice in 56/2 buffer to 
remove any supplements and finally resuspended in 
half the initial volume of 56/2 buffer. 0.2 ml of this 
was evenly spread over the surface of each of 12 
agar plates which contained no arginine. These 
were treated in sets of four for five hours in a high 
magnetic field of 1 T, during an NMR imaging ex- 
periment, and on the laboratory bench as a control. 
They were then incubated at 37°C for two days be- 
fore the number of arginine-independent colonies 
on each plate was counted. 

Results. The colony count averages for the high 
field, imaging and control plates were respectively 
14.75, 13 and 17.5. Since these numbers represent 
the survivors from 108 cells, the reversion frequency 
does not differ significantly between treatments. 


4. Non-mutagenic effects: a bacteriophage induction 
assay 

The previous experiments indicate that neither 
NMR nor magnetic fields of up to 1 T cause damage 
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to DNA. However, other forms of damage may 
occur which would not have been detected in the 
above assays. Although screening for such general 
effects is more appropriate in higher organisms, 
some specific effects can be tested using microbial 
techniques, for example the function of regulatory 
proteins and enzymes. 

Certain bacterial viruses such as A have a capacity 
for stable integration into the bacterial genome. This 
stable state depends on the production by the inte- 
grated virus (prophage) of a repressor protein which 
prevents those functions which would otherwise 
lead to multiplication of the virus and lysis of the 
cell. The inactivation of this repressor leads to pro- 
duction of the phage and cell death. This induction 
occurs at a low but measurable spontaneous fre- 
quency. Cellular damage which affects repressor 
function should increase the frequency of induction. 
A strain harbouring A prophage was therefore ex- 
posed to NMR imaging treatment and the frequency 
of induction was measured bv assaying the number 
of virus particles present. 

Materials and methods. Exponential cultures of 
ABII58 carrying A prophage KL329 (Bachman, 
1972) were grown in LB. Three tubes were exposed 
to NMR echo-planar imaging for five hours and 
three, untreated, served as controls. 

The number of viable cells and the number of 
phage particles in each tube were assayed. Cell num- 
bers were assayed in the same manner as described 
for the AB1157 survival experiments and the num- 
ber of free virus particles present was determined 
using standard procedures described by Adams 
(1959). 

Results and analysis. Means were determined for the 
viable cell and phage assays and a Student's T test 
used to compare Dicas and treated cases. T 


obtained for the cell: aud are e E. 
neither of which is significant at the 5°, level. Thus 
echo-planar imaging had no perceivable effect on the 
induction of A prophage. 


5. Single enzyme assay 

An analysis was carried out using a bacterial en- 
zyme showing first-order kinetics to see if any effect 
of a high strength static magnetic field could be 
detected. 

The enzyme used was f-galactosidase which 
cleaves lactose to produce dextrose and galactose. 
The reaction 1s: 

ENZYME 4-SUBSTRATE-—ENZY ME SUBSTRATE COMPLEX—- 
PRODUCTS ++ ENZYME 


With a saturated enzyme at constant temperature 
the products accumulate linearly with time. 

Materials and methods. O-mtrophenyl-B- D galacto- 
pyranoside (ONPG) was used as substrate and the 
reaction followed spectrophotometrically by assaying 
the o-nitrophenol produced. 

Reactions were carried out in phosphate buffer 
(0.06M NasHPO4.7H3O0, 0.04M NaH3PO4.4H30, 
0.01M KCL and 0.001M MgSO,.7H30) at pH 7. 
For each experiment 50 ml of buffer containing 
0.00498M. ONPG were placed in a 250 ml flask and 
the reaction was initiated by addition of 0.25 units 
of B-galactosidase in 0.1 ml of phosphate buffer. 
(The enzyme was supplied in 2.2M (NH4)$804 at 
pH 6. Each 0.1 ml of this solution contained 250 
units of activity; one unit cleaving 1 micromole of 
ONPG per minute at 37°C.) 2 ml aliquots were re- 
moved and placed in 1 ml NagCOg buffer at pH 
greater than 11.0 to stop further reaction. The re- 
action flasks were agitated throughout the experi- 
ment and the temperature continually noted. 

In the case of the treated flask, the magnet was 
run for several hours to stabilize the temperature, 
and the reaction flask was placed in the magnet 15 
minutes before time zero to equilibrate. The control 
was run in a shaking water bath maintained at the 
same stable temperature as the magnet. The tem- 
perature for both was a constant 26^ 4-0.25" C. 

The o-nitrophenol was assayed in a spectrophoto- 
meter (UNICAM SP1800 UV) at 420 nm. 

Results. The optical densities for the exposed sam- 
ple and the control agreed to within experimental 
error at each point in time. We may therefore conclude 
that the enzyme activity was unaffected by the high 
field treatment. 





CONCLUSION 

These experiments show that NMR imaging 
methods in use in our laboratory do not produce 
detectable effects in the biological systems studied. 
As the techniques are very sensitive to low concen- 
trations of toxic chemicals and low doses (cell sur- 
vival) of UV radiation the absence of any measurable 
effect after exposure to NMR imaging conditions at 
field levels in current use suggests freedom from any 
hazard. The absence of any deleterious effect due to 
the 1 'T magnetic field further suggests that the ex- 
tension to nuclei other than protons (e.g. ?! P) will 
be free from hazard. 
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ABSTRACT 

The effects of NMR line-scan imaging procedures and 
static homogeneous magnetic fields of 0.5 and 1.0 tesla on 
cells from human blood have been investigated by examining 
their influence on the frequency of gross lesions, sister 
chromatid exchanges and on the proportion of amodal cells. 
Cultured human blood cells have also been submitted to 
extended NMR imaging exposure during active growth and 
division. Neither treatment had any significant effect on any 
of the parameters measured. 


With the increasing use of NMR techniques for 
human studies it is of major importance to establish 
that the procedure has no detrimental physical or 
genetic effects on the individuals concerned. A brief 
discussion of potential hazards associated with NMR 
imaging methods is given in Part I, A microbial 

assay (‘Thomas and Morris, 1981). 

The present study investigates chromosomal 
effects both of NMR line-scan imaging and of high 
static magnetic fields (0.5 and 1.0 T). The latter are 
of interest since it is likely that NMR studies on 
humans will extend to nuclei other than protons and 
these will require higher fields to achieve comparable 
sensitivity. The details of the NMR imaging experi- 
ment are similar to those employed in a recent ab- 
dominal scan (Mansfield et al., 1978) and are as 
described in Part I. 

There are at least three ways in which a physical 
agent could have an adverse genetic effect: 

(1) it could increase the rate of point mutation (see 
Part I); 

(2) it could disrupt the genetic material, chromatin, 
in such a way as to increase the number of sister 
chromatid exchanges (SCE) or the number of 
gross chromatid or chromosome lesions (Perry and 
Evans, 1975); 

(3) it could affect the process of cell division, e.g. by 
disrupting spindle formation, thus increasing the 
risk of obtaining cells with an abnormal number of 
chromosomes. 





*Present address and address for reprints: NMR Centre, 
National Institute for Medical Research, The Ridgeway, 
Mill Hill, London NW7 1AA. 


With respect to static magnetic field treatment, we 
have recorded the frequency of SCEs and chromatid 
and chromosome lesions induced in whole human 
blood exposed before culture. For the NMR imaging 
exposure we have assessed the effect on the fre- 
quency of SCEs and gross lesions and the proportion 
of amodal cells in whole blood exposed before culture 
and in cultured cells exposed during active growth 
and division. 


CULTURE AND SCORING METHODS 

All cultures were made up from 0.5 ml of whole 
blood, 2.5 ml of fetal bovine serum, 7.5 ml of TC 199 
and 0.2 ml of phytohaemmaglutanin. In addition, to 
those cultures on which SCEs were to be scored, 0.1 
ml of a 0.5 mg/ml 5-bromo-2’-deoxy uradine 
(BrdU) solution in physiological saline was added. 
These cultures were kept in the dark. Harvesting 
was carried out after incubation at 37°C using a 
0.075 M solution of KCI with a 3:1 mixture of 
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Harlequin banding in a cell showing nine SCEs. 
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methanol: glacial acetic acid as fixative. Cells were 
spread on grease-free, ice-cold wet slides and stored 
for 4-5 days before staining. Cultures scored for 
chromosome and chromatid breaks were usually 
harvested after two days and stained with Leish- 
mann, those to be scored for sister chromatid ex- 
change were usually harvested after three days and 
stained by a modification of the method of Perry and 
Wolff (1974). A typical result obtained by this pro- 
cedure is shown in Fig. 1. 

The two chromatids of each chromosome stain 
differentially so that points at which sister chromatid 
exchange has taken place can be clearly seen. The 
stained slides were coded by an independent obser- 
ver to prevent bias. 

For the scoring of gross chromosome lesions, 
either 25 or 100 cells per replicate/individual, treat- 
ment were scored whereas for the scoring of the 
number of amodal cells 50 or 100 cells per replicate/ 
individual/treatment were counted. Sister chromatid 
exchanges were scored for each individually recog- 
nizable pair or group of chromosomes in ten cells 
from each replicate/individual/treatment. The slides 
were not decoded until all scoring was completed. 


RESULTS 

"stablishment of appropriate control 

Since the material to be treated had to be trans- 
ported from a different laboratory and would be 
subject to temperature change in the process of ex- 
posure, a preliminary experiment was carried out to 
make sure that these procedures did not themselves 
affect the chromosomes. Blood was taken from four 
individuals and split into two aliquots. One aliquot 
was kept in the cytogenetics laboratory at room tem- 
perature (L), the other aliquot was taken to the 
physics laboratory and exposed to all circumstances 
to which the treated material would be subject apart 
from the treatment itself (T). Four replicate cultures 
were prepared from each aliquot, two with BrdU 
for scoring SCE and two without BrdU for scoring 
chromatid and chromosome gaps and breaks. 

iod were no significant Sereno Hed the 


0.035: ST 0.070. Normal deviate = 1.53, non- 
significant) chromosome lesions (XL 0.010; xT— 
0.015. Normal deviate— « 1, non-significant), the 
proportion of cells with lesions (heterogeneity y? (1 
df)==2.63, non-significant) or for the mean TOM 
of sister chromatid exchanges (€L=9.56; T —9.99 
VR from analysis of variance for 1/155 df« 1, non- 
significant). The control specimens for all subse- 
quent experiments were therefore kept in the 
laboratory. 








Establishment of the validity of two-day harvest for 
scoring chromatid and chromosome lesions 

Chromatid and chromosome lesions should be 
scored in cells in the first cycle of division after ex- 
posure to the agent to be assessed. Recently it has 
been suggested that a harvest around 48 hours after 
the initiation of culture could include a relatively 
high proportion of cells in the second cycle of divi- 
sion (Scott and Lyons, 1979). To check whether this 
was true in the proposed experiments, cells grown 
with BrdU were harvested at around 48 hours and 
the proportion of second cycle cells (i.e. those with 
harlequin banding) scored. Fifty cells were scored 
from each of four replicates of six individuals grown 
with and without previous exposure to a 1.0 T 
static magnetic field. 

Heterogeneity y? analysis showed significant dif- 
ferences between individuals in the proportion of 
second cycle cells present (y2(5)= 24.74 p< 0.595) 
presumably because of minor variation in their cell- 
cycle timing or response to transformation but in no 
case did the proportion of second cycle cells exceed 
1095. The presence of no more than 10°, of second 
cycle cells should not distort comparative scoring. 
Further, this experiment demonstrated that exposure 
to a high magnetic field did not significantly affect 
this particular measure of cell turnover (y?(1)-— 0.35, 
non-significant). 


Exposure to high static magnetic, field before culture 

Eight samples of blood from six individuals were 
available. Each sample was split into three aliquots. 
One aliquot was kept in the laboratory as a control, 
one was exposed to a static magnetic field of 0.5 T 
for an hour, the last was exposed to a field of 1 T for 
an hour. Four replicate cultures were prepared from 
each aliquot, two with and two without BrdU. 

Table I shows the mean scores for each of the 
parameters measured (the analysis of chromatid and 
chromosome lesions was performed on only four of 


TABLE I 


EXPOSURE TO HIGH STATIC MAGNETIC FIELD BEFORE CULTURE. 
MEAN SCORES PER CELL 


‘Treatment 


Parameter Control | 0.5 T field | 1.0 T field 


Chromatid lesions (x) | 0.035 0.015 


Chromosome lesions 
0.015 


(X) 0.010 


Proportion of cells 
with lesions <2; 1:33 
Sister chromatid 


exchanges (€) 9.49 
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TABLE H 
ExPosunE TO NMR IMAGING DURING GROWTH AND DIVISION. MEAN SCORES PER CELL 


| Parameter Control 

i 

| Chromatid lesions (X) 

i Chromosome lesions (X) 
Proportion of cells with lesions 
Proportion of amodal cells 





Control 
Chromatid lesions (X) 0.032 
Chromosome lesions (X) 0.013 
Proportion of cells with lesions 1:48 
Proportion of amodal cells TENI 
Sister chromatid exchanges (3) 9,32 





the eight samples studied). There were no significant 
differences between treatments for the number of 
chromatid lesions (normal deviates — control v. 0.5 T 
or 1.0 T=1.27 non-significant), chromosome lesions 
(normal deviate==control v. 0.5 T or 1.0 T=<1 
non-significant), the proportion of cells with lesions 
(heterogeneity xy*(2)— 1.34 non-significant) or the 
number of sister chromatid exchanges (variance 
ratios odas treatments from analysis of variance 
1.95 non-significant). 


Exposure to NMR imaging before culture 

Blood was taken from four individuals and split 
into two aliquots. One aliquot was kept in the 
laboratory (C) and the other exposed to a run-up and 
adjustment period of static magnetic field for 30-50 
minutes and a scanning period of 40 minutes. This is 
the procedure that would normally be used for line- 
scan NMR imaging. During the procedure the tem- 
perature around the exposed blood samples rose by 
an average of 3.5°C. Four replicate cultures were 
prepared from each aliquot, two with and two with- 
out BrdU, 

No significant response to the full imaging pro- 
cedure (F) was detected in the number of chromatid 
lesions present. (*C=0.035; xXF--0.010. Normal 
deviate— 1.33 non-significant); chromosome lesions 
present (¥C=0.010; xF—0.035. Normal deviate— 
1.33 non-significant); the proportion of cells with 
lesions (C—1:22; F—1:22; heterogeneity y?(1)— 
0.00 — non- significant); or the number of sister chro- 
matid exchanges present (*C=-9.56; xF—8.74 
variance ratio from analysis of variance for 1/155 
df — 2.62 non-significant), 
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Treated 'omparison 


0.028 | 1. ND = 1.64 non-sig. 
0.010 | ND = 1.09 non-sig. 
1:56 | 2. X*(1) = 0.64 non-sig. 
1 :80 | AX ?(1) — 3.49 non-sig. 





3-day 
ened aa — 0» 
0.017 ND = 1.67 non-sig. 
0.007 ND = 1.14 non-sig. 
1:100 X *(1)=4.71 « 5%, 
1:9 | X (1) — 1.58 non-sig. 
9.13 1 3. VR(1/233) — <1 non-sig. 


Exposure to N MR imaging during growth and division 
Eight blood cultures were prepared from each of 
six individuals, four with and four without BrdU. 
All cultures were incubated for 44 hours. Those 
which were to be harvested after two days then had 
colcemid added to them. Two cultures from each 
individual/treatment were kept in the laboratory as 
controls and two were exposed to the full process for 
eight hours, the temperature being maintained at 
37 C. The two-day cultures were then harvested 
while those containing BrdU were returned to the 
incubator for a further 18 hours, colcemid was 
added and they were harvested six hours later. From 
the proportion of second-cycle cells present in the 
two-day harvests of culture treated in this way, ex- 
posure over this time period should ensure that a 
reasonable proportion of cells are somewhere in the 
late S or G2 of the first cycle, in division or in the 
early stages of Gl on the second cycle during ex- 
posure. The effects of the treatment could be im- 
mediately manifest as an increased frequency of 
lesions in the two-day harvests or have a deferred 
effect on the three-day harvest, by disruption of 
segregation and subsequent production of amodal 
cells or by the production of lesions or SCEs revealed 
after passage through synthesis of the second cycle. 
Table II gives a summary of data collected by 
scoring the number of chromatid and chromosome 
lesions, the proportion of cells with lesions and the 
proportion of amodal cells present in the two- and 
three-day harvests, together with the results of the 
sister chromatid exchange data from the three-day 
harvests and a summary of the statistical compari- 
sons made. Full details of the complete analysis of 
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these and other data presented in this paper can be ob- 
tained from the senior author on request. In only one 
case was a significant difference between control and 
exposed material obtained. In the three-day harvests 
the control set had a significantly higher proportion 
of cells with lesions than the exposed set. No other 
measured parameter shows any significant difference 
between the control and exposed material. 


CONCLUSION 

This study has demonstrated that a single ex- 
posure to NMR line-scan imaging or homogeneous 
magnetic fields up to 1 T has no significant adverse 
chromosomal effects on human blood cells. It there- 
fore suggests that NMR imaging as presently em- 
ployed is free from genetic hazard. The effects of 
repeated peripheral exposure can be gauged by a 


Book reviews 


Known Effects of Low-Level Radiation Exposure—Health 
Implications of the Three Mile Island Accident TA 1979). 
47 pp. 1980. NIH Publication No. 80-2087, (US Dept. of 
Health, Education and Welfare, W ashington, Dc). 

This publication is the proceedings of a conference 
convened in Pittsburgh, Pa., on April 25, 1979 to inform 
local physicians and public health officials on the known 
effects of low-level radiation exposures, in the immediate 
aftermath of the TMI accident. The interval of only one 
month between the accident and the conference was 
obviously too short for a thorough evaluation of all the data, 
and the reports given by the various experts from universi- 
ties and from the national laboratories were designed 
primarily to allay the excessive fears aroused by the many 
confused accounts which had issued from the authorities, 
the utilities and the media during the preceding weeks. ‘The 
talks and discussion have been reproduced verbatim, 
presumably from tapes, and this certainly conveys some of 
the tension in the conference. While the formal presenta- 
tions are, in general, quite clear and may be considered as 
reassuring, the verbatim reports of the question and answer 
sessions which followed the talks are far from clear and are 
liable to raise many doubts again. Dr. Sternglass was the 
most persistent questioner and he did not always receive 
satisfactorv on-the-spot answers. It would surely have been 
better to have dealt fully with all such questions in the 
published report, as was done in the particular case of 


similar analysis of blood samples from operatives 
who are so exposed and we hope to report on this in 
a subsequent publication. 
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iodine uptake, where Dr. Brodsky's considered statement 
does indeed clarify the situation and allay concern on this 
point. This is not the document to which one would turn, 
however, for a complete or final analysis of the Three Mile 
Island accident. 

J. W. Boac. 


Introduzione alla Medicina Nucleare. By Luigi L. Barbieri, 
pp. 152, 1980. (Patron, Bologna), L. 1200. 

If anyone buys this book in the hope of learning about 
nuclear medicine, he will be disappointed. The subject 
matter is the physics of radioactivity, interactions of ionizing 
radiation with matter and an introduction to the biological 
effects of radiation. The text is simple and clearly set out and 
would be a good introduction to the scientific basis of the 
uses of radioactivity in medicine. My only caveat is in the 
chapter on biological effects of raditions where no distinction 
is drawn between RBE and QF; indeed they are stated to be 
identical. It is also strange, in a book published in 1980, to 
find no mention of the SÍ units of radiation and radio- 
activity, 


D. K. BEWLEY. 
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ABSTRACT 

lodine concentration was measured by X-ray fluorescence 
in 48 normal thyroid glands obtained at autopsy and in 91 
surgical thyroid specimens with a variety of abnormalities. 
The iodine concentration in normal thyroids ranged from 
0. M to 3.12 mg/g of tissue with a mean value of 1.03 0.67 
mg/g. The concentrations in pathological specimens were 
generally lower with the lowest values found in thyroid 
cancers. Sixteen (76°) of 21 malignant thyroid specimens 
analysed had undetectable iodine ( « 0.02 mg/g) whereas 22 
(9657) of 23 benign nodules had measurable iodine concen- 
trations. The detection of iodine in a thyroid nodule by 
X-ray fluorescence pre-operatively would significantly de- 
crease the probability of malignancy and the need for sur- 
gical excision. 


Until recently, in vivo investigation of the thyroid 
has been exclusively dependent on the systemic ad- 
ministration of radionuclides such as radioactive 
iodine or 99Tc" which are concentrated by the 
thyroid (Ng Tang Fui and Maisey, 1979). However, 
studies with radioiodine tracers reflect the metabolic 
turnover, t.e., the rate of uptake or release of iodine 
by the thyroid, but do not provide an accurate assess- 
ment of total iodine content of the gland (Robertson 
et al., 1976). 

Over the past few years, a new technique based on 
the principle of X-ray fluorescence (Hoffer et al., 
1971; Patton et al., 1976) has been developed for in- 
vestigating the thyroid without introducing any 
radionuclides into the body. Intrathyroidal stable 
iodine (1271) is activated zn situ by an external source 
of y rays directed towards the neck, resulting in the 
release of characteristic fluorescent X rays which can 
be measured with a suitable detector. The fluorescent 
technique has been applied mainly to scanning 
systems to image the thyroid according to the 
regional distribution of stable 1odine in the gland. 
The main advantage of the technique lies in the very 
low radiation dose to the patient's neck without any 
exposure to the rest of the body (Hoffer et al., 1971). 

The diagnostic usefulness of the fluorescent scan 
depends on the demonstration of a correlation be- 
tween the iodine content or concentration of the 
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thyroid and specific disease processes. The tech- 
nique has attracted special attention as a possible 
means of diagnosing thyroid cancer (Patton et al., 

1976). Hoffer (1969) originally postulated that malig- 
nant thyroid nodules, which as a rule cannot be dis- 
tinguished from benign solitary cold nodules on the 
conventional radionuclide scan owing to their poor 
radionuclide uptake, might synthesize and store sig- 
nificant amounts of iodoproteins and thus be differ- 
entiated by their !??] content with the fluorescent 
scan. However. their assumption was not confirmed 
when they subsequently reported (Hoffer et al., 
1971) that thyroid nodules with poor radioiodine up- 
take all had very low content of stable iodine irres- 
pective of their benign or malignant nature. However 
their fluorescent technique did not include quanti- 
tative assessment of the 127I content of the nodules. 

Subsequently, Patton et al. (1976) investigated the 
problem quantitatively by means of an in vivo com- 
puterized fluorescent scanning system to determine 
the ratio of stable iodine in solitary thyroid nodules 
to that of the opposite normal lobe. They reported 
that the iodine content ratio for malignant nodules 
(less than 0.6) was significantly lower than that of 
benign nodules (over 0.6) and claimed that their 
technique could differentiate benign and malignant 
nodules with an accuracy of 90°. However, their 
findings have not yet been confirmed. 

The purpose of the present study was to in- 
vestigate with an in vitro fluorescent technique the 
stable iodine concentration of surgically removed 
thyroid tissues with particular reference to benign 
and malignant nodules, in order to assess the possible 
value of im vivo X-ray fluorescence in the pre- 
operative diagnosis of solitary thyroid nodules. 


MATERIALS AND METHODS 

The material examined consisted of 48 normal 
thyroids obtained at autopsy from patients with no 
history of thyroid disease and 91 surgical specimens 
from patients with a variety of thyroid diseases who 
underwent thyroidectomy. Twenty-one of the sur- 
gical specimens were malignant, of which 16 were 
differentiated follicular or papillary carcinomas, one 
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anaplastic and two medullary carcinomas and two 
were malignant thyroid lymphomas. The remaining 
surgical specimens were histologically diagnosed to 
be benign adenomas or colloid nodules (23), Hashi- 
moto's thyroiditis (10), simple multinodular goitre 
(15) and toxic goitres (22). 

From each autopsy or surgical specimen, five 
pieces were taken from different sites, weighed in- 
dividually and dissolved in an equal volume of molar 
sodium hydroxide solution by incubation at 80°C 
resulting in a two-fold dilution of iodine concen- 
tration. The benign and malignant nodules were 
carefully dissected out from the paranodular tissue 
before iodine measurement. One millilitre of each 
dissolved thyroid specimen was used for measure- 
ment of iodine concentration and distilled water was 
counted for background correction. A calibration 
curve was constructed from measurement of serial 
dilution of a standard solution of potassium iodide. 

lodine concentration was measured by X-rav 
fluoresence using an zn vitro method similar to that 
described by Moss et al. (1972). The method is il- 
lustrated in Fig. 1. Each sample was placed in a dis- 
posable cuvette and irradiated by a collimated beam 
of 59.5 keV y rays from an 11 GBq (300 mC) sealed 
source of ?*31 Am (Radiochemical Centre Ltd.). The 
emitted radiation was detected by a collimated 80 
mm? silicon (lithium-drifted) semi-conductor detec- 
tor (Kevex Corporation) with its axis perpendicular 
to the irradiating beam and linked to a multi-channel 
analyser (ND 100). The observed energy spectrum 
of the emitted radiation (Fig. 2) showed peaks due to 
the characteristic fluorescent X rays of iodine and 





FIG. 1. 


X-ray fluorescent technique: close-up of source, sample and 
detector. A, *! Am source. B, anterior end of detector. C, 
cuvette for sample. 


Intensity 


Compton scattering of the incident ?! Am y rays. 
The number of counts in the iodine Ka peak was 
recorded after counting each sample for 40000 
counts in a narrow region of the Compton scatter 
peak (Tadros, 1978). The background count was 
subtracted and the concentration of iodine in the 
irradiated sample was derived from the calibration 
curve. 


RESULTS 

Figure 3 shows the calibration curve that was ob- 
tained from irradiation of the various standard potas- 
sium iodide The iodine concentration 
corresponding to the counts in the Ka peak for the 
normal and pathological thyroid specimens were 
derived from the calibration curve and have been 
plotted in Fig. 4. Each value represents the mean 
iodine concentration for the five pieces of tissue ob- 
tained from each specimen, Using a 99% confidence 
limit, the lowest iodine concentration detectable by 
this technique was 0.01 mg per ml of solution in the 
cuvette or 0.02 ing per g of thyroid tissue. 


solutions. 


DISCUSSION 

Our results indicate a mean iodine concentration 
of 1.03--0.67 mg/g of tissue (range 0.02-3.12 mg/g) 
in normal thyroids. This is not significantly different 
from the mean normal level of 0.98 mg/g reported by 
Le Blanc et al. (1973) in Texas using an X-ray 
fluorescent technique. Fisher and Oddie (1969) using 
chemical methods found a mean total iodine content 
of 15 mg in normal fresh cadaver thyroids with 
average weight of 14.54 g, i.e., a mean iodine concen- 
tration (1.03 mg/g) similar to the value we obtained. 
Comparable values were observed from im vivo 
radioidodine clearance studies by the same in- 
vestigators. These values however are significantly 
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Energy spectrum of photons produced during irradiation of 
sample containing iodine. 
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Fig. 3. 
Calibration curve of iodine in KI solutions. 


higher than those observed in various countries by 
earlier investigators using different techniques as re- 
ported by Hellstern et al. (1978) and may represent a 
true increase in normal thyroid iodine content associ- 
ated with the modern increase in iodine intake 
(Le Blanc et al, 1973) rather than the different 
methodology of iodine measurement. A fall in radio- 
iodine uptake by the normal thyroid in recent vears 
has also been related to the increase in dietary in- 
gestion of iodine (De Groot and Stanbury, 1975). 

Statistical analysis of our data showed no signifi- 
cant variation in the normal thyroidal iodine con- 
centration with sex or age (25-80 yvears) The 
majority of normal thyroids we analysed had iodine 
concentrations in the range 0.3 to 3.1 mg/g; this 
degree of variation has also been noted by other in- 
vestigators (Fisher and Oddie, 1969). However, 
three apparently normal thyroids we analysed had 
very low iodine concentrations (less than 0.3 mg/g) 
the cause of which is unknown. 

The mean iodine concentration for each patho- 
logical tissue type was significantly lower than the 
mean normal value but there was some degree of 
overlap between the ranges of values for each histo- 
logical group. Thus iodine concentration was not 
significantly different in toxic goitres, simple multi- 
nodular goitres and solitary benign nodules. This 
contrasts with the difference in radioiodine uptake 
usually seen in these conditions—high in diffuse 
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lodine concentration in normal and pathological thyroid 
tissue. ND, not detectable. MNG, multi-nodular goitre. 


toxic goitres and low in benign non-functioning 
nodules—indicating that iodine storage in the thy- 
roid is not directly related to its iodine uptake as 
previously noted by Thrall et al. (1977). It has been 
reported (Jonckheer and Deconinck, 1979) that the 
total iodine content of diffuse toxic goitres may be 
higher than that of normal thyroids; our findings 
would indicate that this is due mainly to the larger 
mass of toxic goitres rather than their iodine concen- 
tration which was often normal or subnormal in our 
series. 

The lowest iodine concentration in the present 
study was found in thyroid cancer. Sixteen (76%) of 
the 21 malignant specimens examined had undetect- 
able iodine (< 0.02 mg/g); in two of them, iodine 
concentration was only just detectable while the re- 
maining three specimens had concentrations only 
slightly above the lowest detectable value. These 
three malignant thyroid tumours included one 
micro-angio-invasive follicular carcinoma and one 
papillary carcinoma, each containing numerous 
colloid-filled follicles, and one medullary carcinoma 
with invaded residual normal follicular thyroid tis- 
sue. The low iodine concentration in anaplastic 
thyroid cancer and in thyroid lymphomas is attribut- 
able to the lack of thyroid follicles in these tumours. 
In the case of papillary or follicular carcinemas, 
although thyroid follicles are usually present, their 
endocrine function, e.g., iodine uptake, is usually 
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very low at the time of diagnosis although it often 
improves after thyroid ablation under high serum 
TSH stimulation (Edmunds et al., 1977). 

Compared with the high proportion of malignant 
nodules with undetectable iodine, 22 (96°) of the 23 
benign nodules we examined had measurable iodine 
concentrations, ranging from 0.02 to 0.68 mg/g of 
tissue, indicating that benign nodules are able to 
store iodine more efhciently than the malignant 
tumours although less efficiently than normal thy- 
roid tissues. We have also analysed the fluid aspi- 
rated percutaneously from three simple thyroid 
cysts following ultrasound investigation and found 
no detectable iodine in any of them. However, al- 
though thyroid cysts appear as cold nodules on 
radionuclide scan, they can now be diagnosed ac- 
curately by ultrasound examination and rarely con- 
stitute a diagnostic problem with regard to malig- 
nancy (Ng Tang Fui and Maisey, 1979). The in vivo 
detection of stable iodine in a thyroid nodule by X- 
ray fluorescence would thus significantly decrease 
the probability of malignancy assuming t that the 
sensitivity of the detecting system is sufficiently good 
to detect iodine concentrations of the order of 0.02 
mg/g. Conversely, the absence of detectable iodine 
stores in a solid nodule would increase the prob- 
ability of malignancy. As current non-invasive 
methods of distinguishing between benign and 
malignant thyroid nodules are only of limited value, 
the in vivo fluorescent technique would contribute 
significantly to the pre-operative assessment of 
nodular goitres and help the clinician in selecting 
those nodules that require surgical excision. Solitary 
thyroid nodules which are cold on radionuclide 
scan, solid on ultrasound examination and devoid of 
iodine on X-ray fluorescent study, should always be 
excised as they carry the highest risk of malignancy. 
A study of the in vivo application of other X-ray 
fluorescence techniques in the assessment of solitary 
thyroid nodules is in progress. 
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A water bath for thyroid scanning with ultrasound 
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Ultrasound examinations of the thyroid and para- 
thyroid glands are becoming more frequent. AI- 
though contact scanning is still preferred by some, 
most ultrasonographers employ a water bath. The 
conventional water bath consists of a metal frame 
with a plastic or polythene sheet. This costs £368 
and is somewhat cumbersome to use. The unit 
described below is very light, inexpensive and easy 
to use. Furthermore, the design could be modified 
to make a purpose-built water bath for use else- 
where. 


Description 

The shape of the water bath can be seen from Fig. 1. 
Details of the construction are illustrated in Fig. 2. 
The tank is constructed from a moulded Cabulite 
sheet 2 mm (0.08 inch) thick. This is drawn down 
over a mould on a vacuum-moulding machine. The 
excess material is trimmed off and the base cut out 
with a sharp knife leaving a lip. A sheet of 0.38 mm 
(0.015 inch) silicone rubber is glued to the lip using 
cyanoacrylate adhesive (Super-Glue). Any excess 
rubber is removed. 





Fic. 1. 


The water bath in use. Note that the bath is supported by 
the patient’s shoulders and neck and that she is lightly 


steadying it with her hands. Paper protects the patient’s hair 


from the oil. 


The mould itself is made from wood which has 
been filled, smoothed and polished. Alternatively, 
the mould can be made from polystyrene. This is cut 
to shape using a hot wire and hardboard profiles are 
placed on either side of the polystyrene block to act as 
guides. The polystyrene is then coated with plaster 
of paris and is smoothed and shaped by hand. This 
type of mould is inexpensive but does tend to crack 
and does not last very long. 


Method of use 
The patient lies supine with a pillow beneath the 
shoulders and the head hyper-extended. Both the 


Material - Moulded "Cabulite" 
sheet t, 08" thick) 











| " 0.015 silicon rubber bottom 
| b-— 2 glued onto }" lip on Cabulite 
ladhesive cyanoacrylate) 











i radius 
approx 








Fig. 2. 


Diagram to illustrate details of the water bath. Dimensions 
are in inches (25.4 mm). 
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patient's neck and silicone rubber are coated with 
oil and the unit is then placed on the patient's neck 
and shoulders. The unit is so designed that most of 
the weight is borne by the shoulders. The bath is 
then filled with water at body temperature to the 
required depth and scanning performed (Fig. 1). 
The bath will balance easily on the patient's 


shoulder and neck but as a safeguard we usually ask 
the patient to steady the bath with the hands. 

'The use of this bath results in high-class scans 
achieved with minimum of effort and discomfort for 
the patient. We have only encountered one patient 
who, because of a very stiff neck, could not be 
scanned using this water bath. 
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Investigative. Ultrasonology. 1. Technical Advances. Ed. by 
C. R. Hill and C. Alvisi, pp. ix-+ 165, 1980 (Pitman Medical, 
Tunbridge Wells), £1495. 

ISBN 0-272-79575-5 

This well-produced volume comprises the proceedings of 
three workshops and a review lecture which constituted part 
of the Third European Congress on Ultrasonics in Medicine, 
held at Bologna in 1978. There are some 30 contributions, 
divided into sections (one per workshop): automatic and 
computer-aided sonography (nine papers); living tissue 
identification and movement analysis (nine papers); and 
dosimetry control of ultrasound and standardization. of 
equipment (seven papers). A useful feature of the text is 
the inclusion of the salient points of the discussions which 
took place. For the second section these are collectively sum- 
marized, while for the last section the summary is included 
at the end of each of the papers that were presented. The 
topics and contributors appear to have been selected by the 
workshop chairman with the result that each workshop 
presents a mixture of summarized new developments and 
superficial reviews. — . 

The first section includes descriptions of computing 
systems applied to mechanically and electronically scanned 
imaging systems to permit manipulation of the displayed 
image with particular reference to obstetrics, breast disease, 
and prostate tumours. There are four excellent reviews of 
signal analysis in ophthalmology, ultrasonic computer- 
assisted tomography, and digital techniques in Doppler 
investigations and M-scan interpretation. Two final papers, 
on the possibility of performing image processing in real- 
time of moving organs, consider digital and optical tech- 
niques respectively. A large fraction of the material in this 
section is speculative. The value of what is not speculative, 
with a few exceptions, is masked behind the two stages from 
a technological advance to a significant development, name- 
ly whether the advances reported can be developed into 
commercial instruments, and whether these will prove to 
have an important place in the range of diagnostic aids 
available. 


The second section, on living tissue identification and 
movement analysis, was, the introduction states, intended as 
a dialogue between the clinical "users" and the scientific 
engineering "providers" of methods of tissue characteriz- 
ation. The contributions vary in length between one and five 
pages, many of them being only two or three pages long. 
Curiously there are no photographs at all in this section, 
and only one paper (the editor's) contains diagrams. The 
first four contributions point to the problems and high hopes 
and expectations of clinical specialists in internal medicine, 
gvnaecology and breast disease, cardiology and ophthal- 
mology. The answer from the scientists was equally opti- 
mistic, the degree of optimism expressed being in inverse 
relation to the extent of the feasibility studies reported, and 
the explicit recognition of the problems involved. The tech- 
niques discussed were diffraction analysis, multi-frequency 
analysis, reconstruction of interaction coefficients (an 
excellent review), Doppler flow analysis, and tissue and 
organ dynamics analysis. This last paper featured often in 
the discussion which concluded with stress on the develop- 
ment of techniques which are simple and inexpensive. 

The final section on “dosimetry” and the standardization 
of equipment contains, without exception, informative re- 
view articles. They deal with the biophysical basis of “‘dosi- 
metry”, methods of measuring exposure including potential 
in vivo techniques, the UK national standards development, 
system performance measurements, the status of ultrasound 
diagnostic imaging standards in the USA, and the work and 
responsibilities of International Agencies. Although a con- 
siderable amount of detail is absent from these papers they 
collectively represent a useful entry to the topic. 

In summary, this well-indexed book includes a consider- 
able amount of clinically relevant technical material and 
speculation. It is likely to be of particular value to those 
wishing to start investigation of a particular technical ap- 
proach. The delay in its production and the speed of de- 
velopments in medical ultrasound may reduce its long-term 


value, 
R. C, CHIVERS. 
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Vocal-cord paralysis after treatment of thyrotoxicosis with radioiodine 


By A. M. Robson, M.B., B.Ch., B.A.O. 


Department of Radiotherapy, Coventry and Warwickshire Hospital, Coventry CV1 4FH 


(Received November 1980) 


Experience has shown that radioiodine (1311) is a 
convenient and safe method of treatment for thyro- 
toxicosis. Injury to the recurrent laryngeal nerve 
causing vocal-cord paralysis is an unexpected com- 
plication of this treatment, but a recognized hazard 
of thyroid surgery (Lancet, 1970). This is the first re- 
port of vocal-cord paralysis occurring in the United 
Kingdom after radioiodine treatment for thyro- 
toxicosis. 


Cast REPORT 

A 65-year-old retired accountant presented in December 
1977 with loss of weight of about 11 kg over the previous 15 
months, coinciding with a period of domestic stress, and a 
four-month history of tremor, loss of energy and wasting of 
the proximal muscles of his arms and legs. On examination 
he had classical signs of thyrotoxicosis without exoph- 
thalmos. 'The thyroid did not appear clinically enlarged. 

Investigations showed a total serum thyroxine of 196 n 
mol/l] (normal range 45—160 n mol/l) and positive fluorescent 
thyroid antibodies. Haematology, biochemistry, ECG and 
chest radiograph were normal. 

He was treated initially with carbimazole for 15 weeks. 
After an interval of 12 days he was given 222 MBq (6 mCi) 
of radioiodine (!3!T) and carbimazole was recommenced 
three days afterwards. On the next day he presented with 
hoarseness which had suddenly developed two days after he 
had received the radioiodine. Indirect laryngoscopy showed 
a complete right vocal-cord paralysis. A tomogram of the 
thoracic inlet and a repeat chest radiograph were normal. His 
voice returned to normal four months after the radioiodine 
had been given, but complete paralysis of the cord remained 
on laryngoscopy for a further four months. Some return of 
function was then seen and by the 15th month after radio- 
iodine administration almost full recov ery had taken place. 
Carbimazole was finally discontinued four months later, 
after two years and three months of treatment. To date 
there has been no sign of relapse. 


Discussion 

Vocal-cord paralysis after radioiodine has been 
reported only twice (Craswell, 1972; Snyder, 1978), 
but never from the United Kingdom, where some 
3000 patients are treated annually (Tubiana, 1971). 

1I emits mainly 8-particles which penetrate a 
few millimetres only into surrounding tissues and so 
do not harm anatomically-related structures (Greene, 
1980). Why then should injury to the recurrent 
laryngeal nerve have occurred, considering that 
ablation dosages of !3!I given for thyroid carcinoma 
—without expectation of vocal-cord paralysis as a 


Tusiana, M. 


sequel—are some 20 times those given for thyro- 
toxicosis? 

Certainly local swelling of the thyroid isa transient, 
but usually mild, feature of radioiodine treatment 
and js thought to be caused either by a radiation 
thyroiditis or an increased thyroid metabolic activity 
due to the temporary withdrawal of antithyroid 
drugs (Havard, 1974). Rarely corticosteroids must 
be given for its control. 

The rapidity of onset of paralysis of the vocal cord 
in this case suggests that the injury to the recurrent 
laryngeal nerve was not radiation-induced but more 
likely a result of pressure on the nerve from either 
transient swelling in an adenomatous nodule in the 
gland adjacent to the recurrent laryngeal nerve, as 
has been suggested by Craswell ( 1972), or transient 
diffuse swelling of the thyroid compressing the 
nerve, possibly against a tracheal cartilage or because 
of some other individual anatomical characteristic, 
when it lies in close relation to the posterior surface 
of the gland. 

Complete recovery in this case took 15 months, 
whereas in some surgical cases this occurs in a 
shorter time (Lancet, 1970). It is, of course, not 
proven that this was a complication of the radio- 
iodine treatment, but it is felt to be noteworthy. If 
it was related to the radioiodine it must be a very 
rare complication. 
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C'ase reports 


Antenatal diagnosis of duodenal atresia 
By *P. Farrant, D.C.R.M.U., tK. C. Dewbury, B.Sc., M.B., B.S., F.R.C.R. and 


*H. B. Meire, M.B., B.S., F.R.C.R. 


* Division of Radiology, Clinical Research Centre, Harrow HA1 3UJ and tRadiology Department, 


Southampton General Hospital 


( Received November 1980) 


The detection of duodenal atresia in utero has been 
previously reported. We report two further cases in 
which a definitive diagnosis was possible due to 
oblique scans showing the connection between the 
fluid-filled stomach and duodenum. 

The incidence of duodenal atresia is reported as 
one in 6000 births (Irving and Rickham, 1978) 
Hydramnios was present in 53% of cases. Fonkals- 
rud et al. (1969), in a review of 503 cases, reported 
that associated malformations were present in 48% 
of cases. The most common associated malform- 
ation was Down's syndrome, which was present in 


33". of cases. Other gut abnormalities and cardio- 
vascular abnormalities are also commonly present. 

Duodenal atresia is rapidly fatal unless diagnosed 
promptly and treated surgically without delay; 
otherwise the electrolyte and fluid balance deterio- 
rates rapidly. There are two major factors associated 
with survival, a high birthweight and lack of asso- 
ciated anomalies. 


Casp REPORTS 
Case / 

A 15-year-old was referred for ultrasound late in preg- 
nancy because the LMP was not known. On clinical examin- 
ation, the fundus corresponded to 36 weeks, although the 
fetus felt smaller and freely mobile. Ultrasound examination 
showed a single live fetus with a BPD corresponding to 31 
weeks’ gestation. Gross hydramnios was noted. The fetal 


cerebral ventricles and spine appeared normal. Within the 
upper fetal abdomen, double cystic structures were clearly 
visualized (Fig. 1). Two normal kidneys were demonstrated 
in the fetus, and the fetal bladder was full at the time of 
examination. Oblique scans through the upper abdomen of 
the fetus clearly showed that the double cystic structures 
were connected (Fig. 2). A firm diagnosis of duodenal atresia 
was made at this time. 

The patient went into premature labour two weeks later. 
A naso-gastric tube was passed immediately following birth 
and the stomach contents aspirated. Supine X-rays of the 
abdomen six hours after birth showed the stomach and the 
duodenum to be distended with gas, with no gas present in 
the distal bowel (Fig. 3). This radiographic appearance 1s 
typical of duodenal atresia. The child was taken to theatre 
and the atresia was relieved. 


Case 2 

\ 26-vear-old Indian patient attended for an ultrasound 
scan at 18 weeks gestational age. The scan demonstrated a 
single fetus with a biparietal diameter measurement con- 
sistent with dates, the fetal anatomy appeared normal, as did 
the quantity of liquor present. 

The patient was rescanned at 29 weeks as part of a project 
on fetal growth patterns in Indian patients. Gross hydram- 
nios was present, and two large fluid-filled structures were 
seen in the fetal abdomen. The fetal kidneys and bladder 
were seen as separate, normal structures and the BPD 
measurement was within normal limits. Because of the two 
fluid-filled structures in the fetal abdomen, ‘‘the double 
bubble sign”, together with the presence of hydramnios, the 
diagnosis of duodenal atresia was considered, and the 
patient re-booked for a scan three weeks later. 

On this occasion, the two fluid-filled structures were still 
present (Fig. 4) and, on performing oblique scans, 1t was 
possible to demonstrate the connection between the two 
"bubbles" (Fig. 5). The fetal kidneys and bladder were 





Longitudinal scan through the fetal trunk showing the 

heart (H) within the thorax. Double cystic structures (8 and 

D) are seen in the upper abdomen and the top of the bladder 
(B) can be seen just on the picture. (C) fetal head. 


6535 


Fic. 2. 


A longitudinal oblique scan through the fetal trunk showing 


that the double cvstic structures connect and have the 
typical appearance of stomach (S) and duodenum (D). 
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FIG. 5, 


Oblique scan through the same fetus showing the duodenum 
(D) and stomach (5) connecting. The fetal bladder (B) is 
also demonstrated 





Fig. 3. 


Y supine radiograph of the baby's abdomen taken after in- 
tubation of the stomach. This shows the stomach to be full 
of air with no evidence of air in the distal bowel. 





Fic. 4. FIG. 6, 
Transverse scan through the upper fetal abdomen showing A supine radiograph of the baby's abdomen after injection of 
double cystic structures (8 and D) constrast medium 
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again visualized and appeared normal, Gross hydramnios 
was still present and causing the patient some discomfort. 

Four weeks later the patient attended the antenatal clinic 
for her 36-week check-up and informed the doctor that she 
had lost some liquor vaginally several days previously. 
Clinically, the obstetrician did not think that this was so and 
apart from the hydramnios, he found nothing to worry 
about and the patient was sent home. Two weeks later the 
patient was admitted in labour, and a still-born infected 
infant was delivered. The infant was radiographed after in- 
jection of contrast medium and the classical appearance of 
duodenal atresia was demonstrated (Fig. 6). This finding was 
confirmed at post-mortem. 


DISCUSSION 

Antenatal recognition of fetal abnormality such as 
this allows prompt treatment following birth. 

Since 1975, there have been at least ten ultrasound 
case reports describing the appearance of duodenal 
atresia, the first being that of Loveday et al. (1975), 
where bistable images were obtained, showing no 
detail of the soft tissue structures, The finding of 
double cystic structures in the fetal abdomen is as- 
sociated with several possible fetal abnormalities. The 
first is duodenal atresia, as described here and else- 
where (Gee and Abdullah, 1978). A similar appear- 
ance is produced by bilateral hydronephrosis. À case 
with ultrasonic findings like this has recently been 
reported (Hately and Nicholls, 1979). One of us has 
recently reported a case of a choledochal cyst (Dew- 
bury et al., 1980), in which the initial ultrasound ap- 
pearance at 32 weeks of gestation also showed double 
cystic structures in the abdomen. One of these repre- 
sented the choledochal cyst itself, and the other 
the fluid-filled stomach. On the follow-up scans two 
weeks later, the choledochal cyst remained un- 
changed in appearance but the stomach was then 


almost empty, and only a single cystic structure re- 
mained in the abdomen. 

If the double cystic structures can be seen to con- 
nect by oblique scans, as is shown in both these cases 
(this is particularly easily done with real time), a firm 
diagnosis of duodenal atresia can be made, as this 
distinguishes this condition from the other possi- 
bilities that have been mentioned. 

It is interesting to note that the second case was 
scanned at 18 weeks, when the stomach appeared 
normal in size and there was a normal quantity of 
liquor present. It is therefore probably not possible 
to diagnose or exclude the presence of duodenal 
atresia early in pregnancy. 


It should also be remembered that even if this 


condition is diagnosed antenatally, there is a 50% 


chance of another significant abnormality being 
present and a 339/ chance of Down's syndrome. 
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Simplified cell labelling with indium-111 acetylacetonate and 


indium-111 oxinate 
By W. Th. Goedemans, Ph.D. 


Byk-Mallinckrodt CIL B.V., P.O. Box 3, 1755 ZG Petten, The Netherlands 


(Received August 1980 and in revised form December 1980) 


Cell labelling by means of chelated !!!In has been reported 
to be a useful clinical tool in the diagnosis of abscesses 
(Thakur et al., 1977). !!!In oxinate (oxine) can label the 
cellular blood components granulocytes (Segal et al., 1976; 
Goedemans et al., 1980), lymphocytes (Lavender et al.,1977), 
platelets (Thakur et al, 1976; Mcllmoyle et al., 1977; 
Wistow et al., 1978; Scheffel et al., 1979) and ery throcytes 
(Thakur, 1977), T hese cells have been used to locate 
abscesses and inflammatory reactions, myocardial infarc- 
tions, thrombus formation, rejection of transplanted organs 
etc. For some time, labelled erythrocytes have been exten- 
sively used for blood volume measurement. !!'!In-labelled 
erythrocytes show cardiac, liver and spleen blood pool 
activity 24 hours after intravenous administration. !!!In 
oxinate red cells provide a potential method for detection of 
intermittent gastrointestinal bleeding (Winzelberg et al., 
1980). 

It has been suggested (Sinn and Silvester, 1979) that 
acetylacetone has an advantage over oxine with regard to cell 
toxicity due to the presence of ethanol in the oxine prepara- 
tion and also that oxine itself could be toxic at high con- 
centrations. 

This publication draws attention to the fact that recently 
aqueous !!!In oxinate preparations without ethanol have 
been developed with an oxine concentration as low as 25 ug 
per mCi !!!In, The effect of different oxine and ethanol 
concentrations on the viability of polymorphonuclear 
leukocytes has been described in the literature and it is 
shown that 25 yg oxine does not decrease cell viability 
(Zakhireh et al., 1979). Furthermore, based on experimental 
evidence, oxine has an advantage over acetylacetone with 
regard to cell labelling yield especially if the aspect of 
concentration of both chelating agents is included in the 
comparison. 


MATERIALS AND METHODS 
The following materials were used. !''InCls solution. 
This consisted of "carrier free" !! InCla in 0.09-0.11 N 
hydrochloric acid, heat sterilized (Byk-Mallinckrodt). 
TRIS-acetate buffered !!!In acetylacetone: seven differ- 
ent !!! In acetylacetonate preparations were made containing 
acetylacetone in the following concentrations: 3 mg/ml 


TABLE I 


Total amount of chelating 
compound (yug) 


Labelling 
ficiency (95) 


3000 acetylacetone | 88.0 
1500 acetylacetone 55.0 

300 acetylacetone 15.0 

150 acetylacetone | 17.0 

75 acetylacetone 12./ 

30 acetvlacetone 11.4 

15 acetylacetone 12.8 

| 25 oxine | 92.0 








(onginal concentration used by Sinn and Silvester, 1979), 
1.5 mg/ml, 0.3 mg/ml, 0.15 mg/ml, 75 ng/ml, 30 ug/ml and 
15 ug/ml. All preparations contained 0.024 N hydrochloric 
acid, 5.6 mg sodium chloride, 4.1 mg sodium acetate and 37 
MBq (1 mC) !!! [n per millilitre 3.025 mg TRIS (Baker). 
The preparations had a pH of 6.5 and a tonus of 305-280 
mOsmol/kg. 

TRIS-acetate-buffered !!!In oxinate: This consisted of a 
heat-sterilized, ready for use preparation. (Byk-Mallinck- 
rodt) containing 3.025 mg TRIS, 0.024 N hydrochloric acid, 
5.6 mg sodium chloride, 4.1 mg sodium acetate, 25 ug oxine 
(Baker) and 37 MBq (1 mCi) !*! In per millilitre. The pH 
was 6.5 and the tonus 280 mOsmol/ky (isotonic solution). 

The cell suspension was prepared by suspending washed 
bovine erythrocytes in saline at a concentration of 6 x 101! 
cells per litre (Coulter Counter). Cell labelling was carried 
out simply by adding and mixing 4 ml of cell suspensoin to 
tml ! Ó! In acetylacetonate or HHn oxinate. Incubation was 
carried out at room temperature for 15 minutes. The label- 
ling efficiencies were determined by measuring the radio- 
activity of the cell fraction after centrifuging the suspension. 


RESULTS 

Table I shows the effect of different concentrations of 
chelating compound on the cell labelling efficiency. The 
amounts shown represent the amounts of chelating com- 
pound in the initial oxine or acetylacetone preparations. The 
concentrations in the final cell suspensions expressed as 
pgíml were a factor of five lower. The concentration of 
acetylacetone has to be 120 times higher than that of oxine to 
obtain a labelling vield which comes close to that of oxine. If 
one should make the comparison between the two chelating 
compounds on a molecular weight basis instead of the 
weight basis, the differences in concentration at which 
comparable labelling efficiencies would be obtained are even 
bigger; the factor 120 would become 174. 


Discu SSON | 


be (Bemsein e et ae 1963), here. is an por of a 
factor of 21 with acetvlacetone in terms of toxicity. However, 
the labelling potential differs by a factor of 120 in advantage 
of oxine. So the toxicity of !!!In acetylacetonate is not less 
than !!! In oxinate in concentrations resulting in comparable 
labelling yields. As aqueous !!!In oxinate is available with- 
out ethanol or any other additive except buffer, the labelling 
of cells is also reduced to a one-step operation. 
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Book review 


Optimization of Radiotherapy. Pp. 89, 1980 (World Health 
Organization Technical Report Series 644). (WHO, 
Geneva), Sw. fr. 6. 
ISBN 92-4-12064 1-6 

This modest-seeming little book contains much sound 
sense and repays careful reading. This is perhaps surprising, 
since it comes from a committee, and much praise is there- 
fore due to the chairman Professor J]. S. Mitchell and the 
rapporteur Professor Walstam from Stockholm, aided no 
doubt by the international group of investigators with a 
strong core from Cambridge and London. The report con- 


Draft British Standard 


Methods of Leak Testing for Sealed Radioactive Sources. 
Draft for Development, British Standards Institution 
DD66: 1980, pp.i-- 3, £5-00. 

The draft has been prepared under the direction of the 
Nuclear Engineering Standards Committee and is based on 
Technical Report 4826-1979 by Technical Committee 85 of 
the International Organization for Standardization. 

It is emphasized in the preamble that this publication 1s 
of a provisional nature because of the lack of practical ex- 
perience in the use of the leak-test methods described. It is 
not to be regarded as a British Standard but the BSI recom- 
mended that it should be applied on a provisional basis so 
that information and experience of its practical application 
may be obtained. A review of the draft should be made not 
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sists of six chapters outlining the organization of radio- 
therapy centres and gives much detail of equipment and 
dosimetry. There is a very fine summary of practical radio- 
biology, discussing dose-time factors and fractionation. 
There is a very interesting annexe of forms and codes for 
radiotherapy data reporting. These are only two particularly 
good parts of this interesting report—it is well worthwhile 
obtaining the booklet itself (subscription for 15 to 20 such 
reports is only 80 Swiss francs) and finding out more for 
oneself, Our taxpayers’ money has been well spent. 

K. E. HALNAN. 


+. 


later than two years after its publication and comments 
are invited by the BSI from persons interested in this sub- 
ject. 

The draft covers leak tests using both radioactive and 
non-radioactive methods. The radioactive tests covered are 
the wipe test (smear), dry wipe, immersion, boiling im- 
mersion gaseous emanation (for ??9Ra sources) and liquid 
scintillant emanation. 'The non-radioactive methods are the 
vacuum bubble test, hot liquid bubble test, gas pressuriz- 
ation test, helium test, helium pressurization test and the 
water pressurization test. A table is given comparing the 
various leak test methods and the acceptance thresholds. 

T. J. Davey. 
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The oncogenic potential of X rays and/or 
hyperthermia in C3H-10T 4 cells 


Tus Eprror—Sir, 

Since hyperthermia is being used extensively in cell 
biology studies and as a tool for cancer therapy with or with- 
out irradiation (Proc. Int. Cancer Symposium on Cancer 
Therapy by Hyperthermia and Radiation, 1975; Streffer et 
al., 1978; Dewey et al., 1979), it is important to determine 
whether heat treatment can cause oncogenic transform- 
ation. 

In a recent article by Harisiades et al. (1980), it was 
shown that heat treatment alone in the temperature range 
40.0--45.0"C did not cause oncogenic transformation in cul- 
tured C3H-10'T 3 cells, while heat treatments in the temper- 
ature range 40.0—42.2^C reduced the incogenic transform- 
ation frequency resulting from X rays when heating was 
performed immediately after X irradiation. We have also in- 
vestigated the effect of heat alone or combined with X rays 
on induction of oncogenic transformation in the C3H-10T4 
cell system developed by Reznikoff et a/. (1973a; b). These 
data were first presented at the 28th Annual Meeting of the 
Radiation Research Society (Raaphorst ef al., 1980). We 
have used experimental protocols which include heating 
either before or after X irradiation such that the two treat- 
ments were done one immediately after the other or separ- 
ated by an incubation interval at 37°C. 

The C3H-10' Ti cells were cultured in Basal Medium 
Eagles supplemented with 10%% fetal calf serum containing 
no antibiotics. The transformation assay was carried out 
using exponentially growing C3H-10'T i cells with passage 
numbers below 15. The standard techniques and scoring 
criteria set forth by Reznikoff et al. (1973a; b) were used. 
The cells were exposed in suspension and then plated into 


Falcon T75 flasks. Heating was performed using a thermally 
regulated waterbath and irradiation. was carried. out on a 
Siemens Stabilipan 2 X-ray machine operating at a dose rate 
of 300 cGy (rad)/min. 

The results are presented in Table I. The data show that 
heating at 42°C for 60 min did not induce cell transform- 
ation. Also, heating for 5 min at 45°C or 180 min at 41.5°C 
(data not shown) did not significantly increase the trans- 
formation frequency per viable cell (TF/VC) with respect 
to the control which is in agreement with the data of Hari- 
siadis et al. (1980). For irradiation alone (4.0 Gy) the (TF/ 
VC) was about 9x 10-3 and this was confirmed in five 
separate experiments. When the heat and radiation treat- 
ments were combined, the TF/VC was not significantly in- 
creased when irradiation was done during or immediately 
before or after a 1 h heating interval at 42°C. The data of 
Hartsiadis et al. (1980) and Miller et al. (1979) show a de- 
crease in transformation frequency when a heat exposure at 
40.0-42.2°C followed immediately after irradiation. How- 
ever, in our experiments, when an incubation interval was 
introduced between the two treatments (Table I) there was a 
significant increase in the T'E/VC for the 60 min incubation 
intervals. For the combination treatment of X irradiation 
and heating for 1 h at 42°C, this increase was observed in 
three separate experiments for a 10 min or a 60 min in- 
cubation interval between treatments. In addition, for 
heating at 45°C for 5 min or 41.5*C for 180 min (data not 
shown) increases in the T'E/VC were also observed when a 
4.50 Gy dose preceded or followed heating by a 10 min in- 
cubation interval at 37°C. The number of transformants 
counted, the survival after each treatment, the number of 
viable cells per Falcon T75 flask, the total number of cells 
at risk and the transformation frequency per cell at risk are 
also given. 


TABLE I 
SURVIVAL AND TRANSFORMATION OF C3H-103 CELLS BY HYPERTHERMIA AND X RAYS 







Average 


















No. of 












viable cells survival "Total No. of transformed 
| Treatment? per T75 percent! cells at risk? foci? 
No treatment 248 | 100 3226 Q «3.1 x104 «3.1 x 1073 
(1.4) 
A 257 69.0 4466 Q < 3,2 x 10-4 < 2.24 x 10-4 
(0) 
O 69 | 27.3 3226 8 8.89 x 10-3 | 2.48 x 10-3 
Lr ap | (2.0) | 
a 136 2.10 74449 26 1.36 x 10-7? 3.49 x 10-1 
(0.48) | — (0.29) NS 
A 30 sec O 172 247 65245 17 | 899x103 2.49 x -10-3 
| (0.12) | (2.6) NS 
: O 30 sec A | 160 2.60 68 245 18 1.02 x 10-2 2.63 x 107 
(0.056) (0.21 NS) 
A 60 min O 158 5.09 34122 25 1.59x10-?. | 7.62x10- 
| (0.016) (0.23) p « 0.025 | 
| O60min A 148 4.70 40327 38 2.00 x 10-? 9.35 x 10-4 
| (0.90) | (0.23) p < 0.005 
TAH survival was normalized to the plating efficiency of 12.355. 
“Both type H and III foci were scored. 
3A == 42°C for | hr; O=4.00 Gy; OX irradiation during heating. 
+The standard error of the mean is shown in parentheses, based on the mean per flask. 
“Level of significance of the difference with respect to X ray alone is given in column 6 (NS <= not significant). 
"Total number of cells plated multiplied by the plating efficiency. 
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These data may have important clinical implications in 
that hyperthermia by itself induces no increase in trans- 
formation frequency, and may thus be a non-carcinogenic 
mode of cancer treatment unlike other forms of therapy such 
as radiation or many of the chemicals used in chemotherapy. 
When heat at 42°C and radiation were administered simul- 
taneously or immediately following one another, no signifi- 
cant increase in transformation was observed and therefore 
this may be a preferred therapy protocol for the combined 
treatments. In addition, the survival was the lowest for 
these treatment protocols. Even though the combination of 
hyperthermia and radiation did enhance the TF/VC when 
incubation at 37°C occurred between treatments, if one 
looks at the data in terms of transformation frequency per 
cell at risk, the frequency was lower for all the combined 
treatments compared with X rays alone. This was so because 
more cell killing resulted from the combined treatments 
compared with X rays alone and with application to therapy 
this may be the more appropriate way to view the data. 

Yours etc., 
G. P. RAAPHORST, 
E. I. Azzam, 
M. D. SARGENT, 
M. EINSPENNER, 
J. Borsa, 
Medical Biophysics Branch, 
Atomic Energy of Canada Research Company, 
Whiteshell Nuclear Research Establishment, 
Pinawa, Manitoba, Canada ROE 1LO. 
{Recetved August 1980 and in revised form January 1981) 
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Whither the róntgen? 


"THE E 

We are watching the fall of the róntgen with much con- 
cern, Will it be replaced by C kg-t, air kerma, J kg-t or grays 
in air? We strongly support the first which has also recently 
been advocated by the DHSS following an EEC directive 





(80/181/EEC). The DHSS document (RScO 29/6) says “the 
SI unit of exposure is the Ckg^! which will replace the 
róntgen. No special name has been assigned to this unit and 
its use is expected to decrease" 

We consider that the use of both grays in air and grays in 
tissue or water would be a retrograde step and would be no 
advance on the present clinical situation. where there has 
been much confusion between the róntgen and the rad. The 
obvious abbreviation will be just grays with no specification 
of absorber, leaving the reader or listener to interpret as 
grays in tissue. The area of concern 1s that of dose specifi- 
cation in radiotherapy where the intercomparison of dose 
regimes between different departments and different 
countries needs to be unequivocal and not open to incorrect 
interpretation. A difference of 10%, is irrelevant in radio- 
logical protection, but critical in radiotherapy. 

There seems to be a strong lobby from the “purists” for 
the use of air kerma with the units of grays in air. We think 
there are a lot of ordinary folk (like us) who don't know quite 
what kerma is anyway and will just get confused. We think 
that there is a good case for having coulombs per kilogram as 
an "absolute" exposure standard and to transfer straight to 
grays in tissue for absorbed dose. 

These considerations are particularly important in the 
specification of teletherapy and interstitial sources, where 
the problem is what to specify at a distance. We join those 
who suggest the concept of absorbed dose in a small element 
of tissue "free in air" or vacuo. This is an artificial, but 
necessary concept, since for teletherapy sources one norm- 
ally allows for absorption and backscatter to get to a 
"useful! absorbed dose, whereas for interstitial sources 
there is in addition a large inverse-square law factor and 
possibly a small air-attenuation correction. We know the 
idea of absorbed dose in an element of tissue in air is a 
strange one, but we think the use of air kerma is even less 
related to a practical situation. 

We should also like to comment on the recent BCRU 
memorandum (1980) with regard to the proposed cali- 
bration depths for various X- -ray beam energies (Table I, 
loc. cit.). The inclusion of another calibration depth at 
20 mm for 150 kV-400 kV beams we feel is not needed, and 
it is probably best left at 50 mm for 150 kV-10 MV. We do 
not use it at present and feel it confuses rather than clarifies 
the situation. The other suggested depths of 0.07 mm for 
10-100 kV and 10 mm for 50-150 kV X-ray beam cali- 
brations may be an improvement on an in-air calibration, 
but might present difficulties in practice for the following 
reason. The percentage depth-dose change in tissue across 
the size of a thimble chamber at orthovoltage energies will 
be large, of the order of 20% at 10 mm depth for an 80 kV 
beam. Therefore the positioning reproducibility of the 
chamber will be difficult in such a fast changing gradient. 
The fact that the new NPL secondary standard chamber is 
of different physical dimensions from the Farmer chamber 
normallv used for clinical calibrations makes this situation 
worse. 

What do other readers feel about the problems raised 
here? Would they support the use of the C kg-t, or the air 
kerma, to replace the róntgen? The previous generation has 
been bedevilled by the róntgen and the rad. Do we have to 
bedevil the next one by the gray in air and the gray in tissue? 

Yours, etc., 
B. STEDEFORD, 
A. DixoN-BROWN. 
Department of Radiation Physics, 
Churchill Hospital, 
Headington, Oxford OX3 7L]. 
(Received April 1981) 


REFERENCE 
BRITISH COMMITTEE ON RADIATION UNITS AND MEASURE- 
MENTS, 1980. Quantities for reporting the calibration of 
therapy-level dosemeters in photon bearr s. British Journal 


of Radiology, 53, 917—918. 


639 


1981, British Journal of Radiology, 54, 640 


Analysis of publications, 1978, 1979 and 1980 


The tables below give analyses of papers which appeared in volumes 51 to 53 of THE BRITISH JOURNAL or RapioLocv (1978, 
1979, 1980). They are in the same form as the tables for volumes 49 and 50, which appeared on page 609 of Volume 50 and 
page 601 of Volume 51. Short communications are now included. There have been no papers on thermography but two new 
categories have been introduced: nuclear magnetic resonance and hyperthermia. Over the period of five years the main 
change has been a slight diminution in the number of contributions relating only to diagnosis by X rays, with a compensating 
increase in ultrasonics and hyperthermia. 


Volume 51, 1978 


Per cent of total 

















Number of Number of Pages per 
Category contributions pages contribution | Contributions Pages 
Diagnosis by X rays excluding 
case reports 59 329 5.6 32 39 
Case reports (X-ray diagnosis) 24 51 2.1 14 6 
Diagnosis by ultrasonics 11 29 2.6 6 3 
Diagnosis by nuclear medicine 14 65 4.6 8 8 
Nuclear magnetic resonance 2 10 5.0 1 1 
Radiotherapy 14 95 6.8 | 8 11 
Physics 18 94 NA 10 11 
Radiobiology 20 99 5.0 11 12 
Hyperthermia 6 3i 5.2 3 4 
Radiation hazards 5 17 3.4 3 2 
Nuclear medicine with physics 2 12 6.0 1 2 
X-ray diagnosis with physics 3 7 24 2 1 
Radiotherapy with physics 0 0 — 0 Q 
Ultrasonics with others | 4 4.0 1 0 
Other combinations 2 4 2.0 1 0 
Total 181 847 4.7 100 100 
Zolume 52, 1979 
Diagnosis by X ravs excluding 
case reports 42 5.3 26 
Case reports (X-ray diagnosis) 32 2.4 9 
Diagnosis by ultrasonics 16 4.6 9 
Diagnosis by nuclear medicine 12 3.9 y; 6 
Nuclear magnetic resonance 2 5.0 1 1 
Radiotherapy 11 5.1 6 7 
Physics 12 5.6 7 8 
Radiobiology 16 5.2 9 10 
Hyperthermia 8 5.1 4 5 
Radiation hazards 7 7.4 4 6 
Nuclear medicine with physics 5 5.0 3 3 
X-ray diagnosis with physics 2 7.0 1 2 
Radiotherapy with physics 4 3.5 2 2 
Ultrasonics with others + 5.3 2 2 
Other combinations 8 4.1 4 4 
‘Total 181 4.6 100 100 
Volume 53, 1980 
Diagnosis by X rays excluding 
case reports 49 129 2.6 21 15 
Case reports (X-ray diagnosis) 39 89 2.3 17 10 
Diagnosis by ultrasonics 25 72 2.9 11 8 
| Diagnosis by nuclear medicine 21 97 4.6 9 11 
Nuclear magnetic resonance 1 2 2.0 ~ ~ 
Radiotherapy 10 47 4.7 4 5 
Physics 18 74 4.1 8 9 
Radiobiology 21 124 5.9 9 14 
Hyperthermia 6 27 4.5 2 3 
Radiation hazards 6 39 6.5 3 5 
Nuclear medicine with physics 7 34 4.9 3 4 
X-ray diagnosis with physics 11 48 4.4 5 6 
Radiotherapy with physics 7 19 44 3 2 
Ultrasonics with others 8 33 4.1 3 4 
Other combinations 5 36 | 7.2 2 4 





G2 
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Total 234 870 | 7 | 100 100 — 
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Requests should be addressed to Mrs. L. F. Secretan, Managing Editor, The British Journal of Radiology, 


32 Welbeck Street, London W1M 7PG. 


First INTERNATIONAL SYMPOSIUM ON 
MINIMAL INVASIVE CANCER 

Organized by the University Clinic of Obstetrics and 
Gynaecology, Graz, Austria, to be held at the Kongresshaus, 
Graz, July 1-4, 1981. Language: English. Main topics: 
cervix, vulva, endometrium, breast, oesophagus, stomach, 
large intestine, lung, thyroid, urinary bladder, prostate, 
larynx, oral cavity, skin, other organs. Enquiries: Inter- 
convention, PO Box 105, A-1014, Vienna, Austria (phone 
(0222) 57 62 88). President: Prof. E. Burghardt; Secretary 
General, Dr. E. Holzer. 


Trentu L. H. Gray CONFERENCE 

Will be held in Oxford on July 13-16, 1981 on "'biologi- 
cal actions of radiofrequency, microwave and ultrasonic 
radiations”. 

A conference to review and discuss past and current 
research on the radiobiology and biophysics of the radi- 
a particularly in relation to their potential therapeutic 
value, 

Information/Chairman of Organizing Committee: Dr. C. 
R. Hill, Institute of Cancer Research, Royal Marsden 
Hospital, Sutton, Surrey. 


RADIONUCLIDES IN NEPHROLOGY 
FIFTH INTERNATIOVAL SYMPOSIUM 
September 2-4, 1981 at the Royal Society, London. 
Further details from A. R. Constable, Institute of Urology, 
172 Shaftesbury Avenue, London WC2 8JE. 


INTERNATIONAL SYMPOSIUM AND COURSE ON ABDOMINAL 
ULTRASOUND 

Turku, Finland, August 10-12, 1981, organized by the 
Radiological Society of Finland and the European Associ- 
ation of Radiology. Language: English. Guest speakers: C. 
R. Hill, H. H. Holm, M. Johnson, A. Kratochwil, C. 
Metreweli, E. H. Smith and F. Weill. Two “free communi- 
cations” sessions, for which 10 minute papers are invited: 
abstracts to be submitted with registration. Technical exhi- 
bition and social programme. Information and registration: 
Oy Konfer Ab, Yliopistonkatu 29 c B, SF-20100 Turku 10, 
Finland. 


Society OF NUCLEAR MEDICINE EUROPE 
19TH ANNUAL CONGRESS 
September 8-11, 1981. Information: President Dr. H. 
Rósler, Department of Nuclear Medicine, Inselspital, 3010 
Bern, Switzerland. 


Contrast MEDIA. FUNDAMENTALS AND CLINICAL 
APPLICATION 

The Department of Diagnostic Radiology of the Univer- 
sity of Rochester will offer a two-and-a-half day course on 
Contrast media: fundamentals and clinical application, 
September 21-23, 1981. The philosophy of this course is to 
review the fundamental chemical, physical, physiological, 
and toxicological properties of radiopaque media and to 
describe the relationship and importance of these properties 
to radiological application and diagnoses. The curriculum 
will provide a thorough introduction to contrast media for 
residents, Fellows, and junior faculty as well as a refresher 
course for the more experienced radiologist. The knowledge 


conveyed should be useful in the clinical setting and in the 
laboratory. For further information, contact Harry W. 
Fischer, M.D., Chairman, or Michael R. Violante, Ph.D., 
Course Director, Department of Radiology, PO Box 648, 
University of Rochester Medical Center, Rochester, New 
York 14642; phone (716) 275-2617. 


SKELETAL RADIOLOGY 

The Eighth Refresher Course of the International Skeletal 
OY will be given in Madrid, Spain, September 25-27, 
1981. 

For further information, please write to: A. Bonakdarpour, 
M.D., Department of Diagnostic Radiology, Temple Uni- 
versity Hospital, 3401 North Broad Street, Philadelphia, 
PA 19140, USA; or Prof. Dr. Friedrich W. Heuck, Zentrales 
Róntgeninstitut, Katharinen Hospital der Stadt Stuttgart, 
Kriegsbergstrasse 60, Stuttgart 1, Germany. 


EUROPEAN ASSOCIATION OF RADIOLOGY 
Ii EUROPEAN SYMPOSIUM ON INTERVENTION RADIOLOGY 
Venice, Italy, September 28-October 3, 1981. Informa- 
tion: Istituto di Radiologia Università, Viale Benedetto XV, 
10, 16132 Genova, Italy. 


Tue FacurLTY or RapioLocists or THE Roya COLLEGE OF 
SURGEONS IN IRELAND 

21st Anniversary Meeting, Dublin, October 2-3, 1981: 
jointly with 'The British Institute of Radiologists, 'The 
Royal College of Radiologists, and 'The Royal Society of 
Medicine. Diagnostic and therapy sessions; topics to in- 
clude radiology in renal failure and radiology of trauma. 
The BIR Presidential Address for 1981, “Chest radiology— 
guesswork or science?" will be given by Dr. D. H. Trapnell. 
Technical exhibition. Details: Miss A. Daly, Faculty of 
Radiologists, Royal College of Surgeons in Ireland, St. 
Stephen’s Green, Dublin 2. 


SYMPOSIUM OF RADIOLOGICAL PHYSICISTS 
BRATISLAVA, CZECHOSLOVAKIA, OCTOBER 5-7, 1981 

Topics proposed are: radiation dosimetry of high-energy 
electrons, X and y rays, and neutrons; computer planning of 
radiotherapy treatment; radiation protection of patients and 
staff during radiotherapy. Languages: Slovak, Czech and 
English. Registration fee $50. Further details from the 
Slovak Medical Society, Congress Office, Mickiewiczova 18, 
883 22 Bratislava, Czechoslovakia. 


Tue SHORT AND LONG TERM BIOLOGICAL CONSEQUENCES 
or EXPOSURE TO RADIATION 
Middlesex Hospital, London. Tuesday, October 13, 1981. 
Enquiries to the Programme Committee Secretary, Professor 
J. H. Martin, Department of Medical Biophysics, Blackness 
Laboratory, University of Dundee, Dundee DD1 4HN. 


THe MAYNEORD SYMPOSIUM 

Friday, February 19, 1982. This meeting is being organ- 
ized by, the BIR Council in honour of the 80th birthday of 
Professor W. V. Mayneord, C.B.E., F.R.S. It will be an all- 
day meeting to be held at the Royal Society, in Carlton 
House Terrace, London. 'The theme for the meeting will be 
“The future in radiology" as seen by distinguished workers 
in a number of branches of radiological science. 
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SYMPOSIUM ON EDUCATION AND TRAINING IN RADIOBIOLOGY 

Dresden, May 12-15, 1982. Organized by the Gesellschaft 
für medizinische Radiologie der DDR, under the auspices of 
“the European Society of Radiology. Languages: English, 
French and German. Registration by December 1, 1981; 
papers by August 15, 1981. Information: Professor R. Barke, 
Radiologische Klinik, DDR - 8019, Dresden, Fetscher- 
strasse 74. 


Tur RADIOLOGICAL DIAGNOSIS AND 
TREATMENT OF THYROID DISEASE 
WEDNESDAY, NOVEMBER 18, 1981 
This all-day meeting, organized by the BIR Nuclear 
Medicine Committee, will be held in London (venue to be 
announced). The meeting will cover all aspects of thyroid 
disease, including the use of isotopes. There will be some 
invited speakers but proffered papers are invited and should 
be sent to: Dr. John Frank, The Wessex Regional Depart- 
ment of Nuclear Medicine, Southampton General Hospital, 
Southampton SO9 4X Y before August 31, 1981. 


BRITISH MEDICAL ULTRASOUND SOCIETY 
The 1981 Annual Meeting will be held on December 
14-15 at the University of London Union, Malet Street, 
London WC1. Proffered papers are invited; abstracts 
should be sent to Dr. W. Hately, X-ray Department, 
London Hospital, Whitechapel, London E1 1BB to arrive 
not later than August 31, 1981. 


PagbiATRIC RapioLocy 1981 
GREAT OnMOND STREET, LoNDON, NovEMBER 26-27 

This annual two-day course is designed for consultants 
and senior registrars, The theme will be the gut; other topics 
covered will include jaundice, hypertension and the neo- 
natal big head. Speakers will include paediatricians, paedi- 
atric surgeons and endoscopists; there will be opportunity for 
open discussion. 

There are a limited number of places. Cost £40. Full 
details: Dr. 1. Gordon, Department of Paediatric Radiology, 
Hospital for Sick Children, Great Ormond Street, London 
WC! (telephone 01-405 9200). 


COMPUTERS IN RADIATION ONCOLOGY IN EunopPE— 1I 
Use or COMPUTERS IN CLINICAL CANCER RECORDS 

A workshop will be held at the headquarters of the World 
Health Organization, Geneva, April 26-28, 1982, organ- 
ized by the Commission Informatique of the European 
Association of Radiology in co-operation with the World 
Health Organization (WHO), the International Union 
Against Cancer (UICC) and the European Society for 
‘Therapeutic Radiology and Oncology (ESTRO), limited to 
120 members. 

The three official languages of EAR may be used, but the 
preferred language of the workshop will be English. No 
simultaneous translation will be available. Proferred papers 
of circa 15 minutes’ duration are invited on the following 
topics: 

1. Population based cancer registries; (a) aims; (b) ex- 
perience, present systems; (c) quality control; (d) new 
systems, possibilities and limitations. 

2. Hospital based cancer registries: (a) aims; (b) minimal 
variates for cancer registry— disease and treatment; (c) ex- 
perience in the five years since the Vienna workshop; 
(d) feedback—what information does the clinician want? 
What can he get? (e) impact of technological change in past 
five years. 

3. Tumour based cancer registries and data centres for 
clinical trials. 

4. Administrative/occupation based registries. 

5. Co-ordination of registry data: (a) confidentiality and 
ethical aspects; (b) managerial aspects, administrative, legal 
and financial; (c) technological aspects. 


This meeting is designed to facilitate communication be- 
tween European clinical oncologists and cancer statisticians 
and to probe the "state of the art" in interaction between 
doctor and data. In particular, reports are sought of hospital- 
based cancer record systems which have been in use since 
the past workshop held in Vienna five years ago and on new 
developments in computer hardware and software that make 
modern improved hospital cancer records possible. 

Brief (50 words) abstracts of proferred papers are to be 
submitted by October 1, 1981 to a member of the Organiz- 
ing Committee: Professor R. J. Berry, Department of On- 
cology, The Middlesex Hospital Medical School, London 
WIP 7PN, England; Dr. J. Gary-Bobo, Centre Paul La- 
marque, Cliniques Saint Eloi, 34000 Montpellier, France; 
or Prof. Dr. Med. H.-P. Heilmann, Hermann-Holthusen- 
Institut für Strahlentherapie, A.K. St. Georg, Lohmülhlen- 
strasse 5, Federal Republic of Germany. 


SOCIETY FOR RADIOLOGICAL PROTECTION 
THIRD INTERNATIONAL SvMPOsIUM—-INVERNESS 1981 

June 6-11, 1982. Main topics: radiation and risks; radio- 
biology and epidemiology; instrumentation and equipment; 
design of facilities; radioactivity in the environment; 
education and public information; legal and regulatory as- 
pects; accident management; non-ionizing radiation; 
medical techniques. Brochure from Symposium Organizer, 
SRP International Symposium, c/o NRPB Harwell, Didcot, 
Oxon OX11 ORQ. Abstracts to be received by July 15, 1981, 


3RD WORLD FEDERATION MEETING FOR ULTRASOUND 
IN MEDICINE AND BroLocv: JuLy 26-30, 1982 

This will be held at the Metropole Conference Centre, 
Brighton, Engiand; and will incorporate the 5th World 
Congress of Ultrasound in Medicine and Biology. 

Over 2000 delegates are expected; many participants will 
also have an interest in radionuclide imaging, X rays and 
other investigative procedures. A large trade exhibition is 
being arranged as an integral part of the conference: bro- 
chure now available. Further details from: WFUMB-82 
Conference Office, 4L Portman Mansions, Chiltern Street, 
London W1M !LF (phone 01—486 6582). 


3RD WoRLD Concress or NuCLEAR MEDICINE AND BIOLOGY 

Paris, August 29-September 2, 1982. Main topics: 
radiopharmaceuticals; radio-immunoassay; clinical appli- 
cations; instrumentation; nuclear and non-nuclear investi- 
gations; radiobiology, health physics, dosimetry; economics 
and management. Deadline for abstracts: December 1, 1981. 
Information: World Federation of Nuclear Medicine and 
Biology, B.P.28, F-91403 Orsay, France. 


WoRLD Concress oN MEDICAL Puysics AND BIOMEDICAL 
ENGINEERING 1982 

13th International Conference on Medical and Biological 
Engineering; 6th International Conference on Medical 
Physics. September 5-11, 1982, Hamburg, Federal Republic 
of Germany. Presidents: Prof. W. Bleifeld (Hamburg) and 
Prof. D. Harder (Góttingen). Correspondence: Hamburg 
Messe, Congress Organization, D-2000 Hamburg 36, 
Germany. P.O. Box 30 23 60. 


STH SOUTH AFRICAN 
INTERNATIONAL RADIOLOGICAL CONGRESS 

The 5th South African International Radiological 
Congress, together with a Scientific and Technical Exhi- 
bition, will be held in Johannesburg at the Carlton Hotel 
from October 8 to 15, 1982. The theme is “Imageology”’, 
and many of the most eminent international radiologists 
have been invited to participate. Honorarium lectures from 
overseas sponsors, if accepted, will be paid $250 per lecture. 
Further information: Dr. P. Reichman, Congress Director, 
PO Box 2251, Johannesburg 2000, Republic of South Africa. 


642 


*- 








- Book reviews 


À textbook of radiology and imaging 

Nuclear medicine examination review 
Nuclear medicine: hepatolienal 

Fast neutrons in the treatment of cancer 
Cellular radiobiology 

Known effects of low-level radiation exposure 
Introduzione alla medicina nucleare 
Investigative ultrasonology. 1 

Optimization of radiotherapy 

Draft British Standard 


Clinical and Experimental Applications 
of Krypton 81m 


Edited by J. P. Lavender 


British Journal of Radiology, Special Report 15. 

This work is composed of papers presented at an International Meeting held in June 1977 concerned with 
a new physiological tool ; the use of a very short-lived radioactive gas krypton 81m. 

Krypton 81m is a noble gas with a 13 second half life available from a portable generator with a half life of 
4 5 hours. Although known for a number of years it has only been used with any frequency by physiologists 
and clinicians since 1975. 

The first section of the book deals with the production of the parent isotope rubidium 81 and the design of 
generators, The second section comprises a series of papers concerned with the use of the equilibrium 
image as both a picture and a measure of regional lung ventilation and perfusion. It also outlines problems 
of deriving absolute values of lung function. In the third section, papers illustrate the use of krypton 81m 

as a clinical tool in the diagnosis of pulmonary embolic disease and other pulmonary diseases and compare 
such information with that obtained from the more familiar xenon 133. In the last section the use of 
intra-arterial krypton as a marker of regional myocardial and cerebral blood flow is discussed. This 
technique, which has been most highly developed in the case of the myocardium, allows detailed images of 
the myocardial perfusion to be recorded. Perhaps its clearest application is in following rapid changes of 
regional myocardial perfusion in response to transient ischaemia, stress and drugs. 

The discussion following each paper allows an assessment of the value and place of this new technique. 
ISBNOS0574901 4 

ISSN 0306-2120 Price £12 
Orders to: 

Publications, The British Institute of Radiology, 32 Welbeck Street, London W1M 7PG 
(01-935 6237) or through your bookseller. 
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Diagnostic puncture in renal cystic dysplasia (multicystic kidney). Evidence on the aetiology of 
the cysts. 
H.M. Saxton, S. J. Golding, C. Chantler and G. D. Haycock 


The radiology of Meconium Ileus Equivalent. 
D. W. Pilling and G. M. Steiner 


The reliability of radiology in detecting prolactin-secreting pituitary microadenomas. 
E. Teasdale, P. Macpherson and G. Teasdale 


Vascular anatomy in the suboccipital region and lateral cervical puncture. 
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Clinical applications of radionuclide lung scanning in infants and children. 
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A water bath for thyroid scanning with ultrasound. 
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Case reports. 
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A. M. Robson 
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Short Communication. 
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General Electric Company of U.S.A 
Keeping you ahead of changing technology. 





From one source — General 
Electric of USA. — you can 
get both the MaxiCamera 
400T nuclear camera system and 
a data processor with tor mographic 
o for performing Emission 
.omputed Tomography (ECAT) studie 


imaging system 

with fully compatible 
digital fluorography to 
meet growing diagnostic 
and therapeutic needs; 
in computed tomography. 
CT/T system technological 







3ecause they were designed for each other advances include Dynapak expanded 
= not acquired and put together from dynamic scanning, Arrange reformatting 
different suppliers you get maximum | capability and nominal 1.5 mm slice 
performance from both: providi ing, for MR in ultrasound, Datason system 


with real time sector scanning optimizes 
ee : RERUM for enhanced visualisation 
of anatomy. 


Advanced imaging technology. One more 


example, an added diagnostic dimension for 
visualising the liver, brain and heart. 
Emphasis on advanced technology extends 


to other systems as well. In multi-axis i ` M 
ae Base r eneral tricof USA. is a 
vascular imaging, General Electric reason why General Elec ric OfUSA. is a 
significant and rapidly 


of US.A. combines the state- At the leading edge growing factor in European 


of-the-art Fluoricon L300 : : : 
of imaging technology. health care. 
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St. Laurence’s Hospital | 
Richmond Whitworth & Hardwicke Hospitals 
| and Jervis Street Hospital 
Applications are invited from qualified Medical Prac- 
titioners for the following wholetime post: 
Consultant Radiologist 
(with a special interest in Ultrasound) 


Facilities within the Department include: 

Angiography, Ultrasonography, CT Scanning and 

Nuclear Imaging. 

Applicants must possess the following qualifications: 

1. (a) the Fellowship of the Faculty of Radiology of 
the Royal College of Surgeons in Ireland or a 
qualification in radiology at least equivalent 
thereto, or 


(b) a recognized diploma in medical radiological 
diagnosis awarded before May 1966 or a 
qualification in radiology before May 1966 at 
least equivalent thereto, and 


2. (a) in the case of persons who possess the qualifi- 
cations at 1 (a) above the specialization, on a 
full time basis, in the practice of Radiology for at 
least five years, or 

(b) in the case of persons who possess the qualifi- 
cations at 1 (b) above, the specialization, on a 
full time basis, in the practice of Radiology 
since acquiring such diploma. 

Particulars of appointment may be obtained from the 

Secretary/Manager's Office, St. Laurence's Hospital, 

North Brunswick Street, Dublin 7, to which Curricu- 

lum Vitae (12 copies) must be sent, to arrive not later 

.. than 12.00 noon on Monday, August 31, 1981. 


This vacancy exists within the 
Provincial Administration of the Cape 
of Good Hope's Hospitals 
Department at the Red Cross War 
Memorial Children's Hospital in 
Rondebosch, Cape Town. 

On the joint staff of the Red Cross 
War Memorial Children's Hospital/ 
University of Cape Town, this post 
Offers excellent opportunities for 
further training in Paediatric 
Radiology as well as a wide range of 
Pathology. Previous experience is 
not essential. 

The salary is R22,650 (fixed) per 
annum and R1 is equal to £1 in 
purchasing power. 

In addition to the salary indicated and 
subject to compliance with certain 
conditions, the successful applicant 









.| Specialist: Dept. of Radiology 
|| fora3-yearcontract post in Cape Town, South Africa, 
one of the world's most attractive coastal cities. 
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Royal Free Hospital/ Fischer Ultrasound 
Course in Medical Ultrasound 


Introduction to all aspects of 
Diagnostic Ultrasound 


Subjects to include: 
y Physics of Ultrasound 
Equipment 
Photographic aspects 
Applied anatamy/physiology where required 
Clinical applications to include Obstetrics/ 
Gynaecology, General Abdominal, Cardiology, 
Ophthalmology, Orthopaedics, Paediatrics, 
Doppler, etc. 


Practical training in most of the above clinical 
applications is given. 


Venue — Royal Free Hospital Schools of 
Radiography & Ultrasound and 
Departments of Clinical Ultrasound, 
Royal Free Hospital. 


Dates - 9 November to 20 November 
(excluding weekends). 


For further details and Application Form please 
contact: 


Fischer Ultrasound Course, 

c/o Mr. W. Smith, Royal Free Hospital 
School of Ultrasound, 

17 Lyndhurst Gardens, London NW3. 
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will be entitled to an annual service 
bonus of + one month's salary, 
medical aid scheme and generous 
holiday and sick leave privileges. 
On acceptance of a three-year 
contract, certain transportation costs 
will be covered. If a three-year 
contract is not agreed to, the 
Department of Immigration at the 
South African Embassy in London 
may be approached for financial 
assistance. 


For further information, contact 
Professor B. J. Cremin or the 
Medical Superintendent at the 
Red Cross War Memorial 
Children's Hospital, 
Rondebosch, 7700, Cape, 


Republic of South Africa. 


l ipn ric pate 
by IVcontrast administration 


e relatively non-invasive 

e alowrisk technique 

e quick and simple 

e easy to perform: 

o hocatheter manipulation 
 nosterile technique 
no femoral puncture or 


Posptaleson 


immers m mith, London W6 OLJ.. 











Trust baritoptotell you 


Baritop contrast medium: high density and Baritop 100 ready-made suspension in ring- 
low viscosity to give smooth and even pull can for easy use. Baritop G powder 
coating of the GI tract, time after time. for higher density. Baritop gas producing 
The special consistency of Baritop makes effervescent tablets complete with 

the most of your double-contrasttechnique. ^ defoaming agent. 


x 





D excellent resolution every time 


Concept Pharmaceuticals L td., 
29-61 High Street, Rickmansworth, Herts. WD3 1EZ. Tel. Rickmansworth (09237) 79388. 


SHIMADZU MÉBISCUSTOMER DEMANDS 
THROUGH INNOVAMIVE ENGINEERING 


MOBILE X-RAY 
IMAGE INTENSIFIER 





High quality image ................ 
e 0.4mm focus x-ray tube 
e Image Brightness Stabilizer 


| eee Tee * 

e Square full-wave rectification x-ray : > 0€ 
generator f. 

Less x-ray radiation ................ « 2 


e Video memory 

e Motor driven collimator 

Simple operation .................. 

e Radiographic condition memory 
(Optional) 

Free access to patient .............. 

e Large C-arm steering handle 





INTERNATIONAL ——— DIV. 


niuku-Mitsu 1-1. Nishishinjuku 2-chome, Shinjuku-ku Tokyo 160, Japan 
Tokyo 03-346-5€ Overseas Te N 232.3291 SHMDT J 
c i i i M A DZ U SHIMADZU (Europa) GmbH 
CORPORATION KYOTO JAPAN | 4000 Dusseldorf 1. Johannes Weyer Str. 1 FR. Germany 


Telex 08586839 SHIN D 


MEDICAL X- RAY SUPPLIES LTD. 
DIy 


ttrell House 534 : Road. Wembly. HA9 7PR 


Phone. 01-902-6098 NG Os 











.. Pathology, Diagnostic Radiology, Nuclear Medicine, 
|. >. Medical Physics and Radiobiology devoted to on- 
sp. cology; it is sited on the University campus, affiliated 
ob to the University of Alberta Hospital, and it is a referral 

^| and research center for the whole spectrum of malig- 
“|... nant disease in a rapidly growing population which is 
c.» now one million two hundred thousand. Remuner- 
^v] - ation according to qualifications and experience. 


_ For more information please contact : 


^. cology, Cross Cancer Institute, 11560 Univer- 


| ' Telephone: (403) 432-8755 








UU. London SW7 3EY, UK. 
M. Tel: 01-584 4226. Telex: 9160 



































RADIATION ONCOLOGY 
CROSS CANCER INSTITUTE 
EDMONTON, ALBERTA 


Applications are invited for the position of radiation 
oncologist in the Cross Cancer Institute. There are at 
present ten radiation oncologists, five residents in 
training and a team of assistant physicians. The in- 
patient service comprises 76 beds and the equipment 
includes a 20 MeV and two 6 MeV linear accelerators, 
Cobalt and Superficial X-ray units, simulator, full 
mould room facilities, fully computerized treatment 
plenning and whole body CT scanner. Over 2,000 
patients receive radiotherapy each year, Research into 
new treatment modalities is well funded in both the 
clinical and laboratory areas of radiation oncology, 
 radiobiology and medical physics. The Institute has 
departments of Medicine, Surgery, Gynaecology, 





Dr. James G. Pearson, Director, Radiation On- 


sity Avenue, Edmonton, Alberta Canada, 





Conference and 


18 September 1981 
fon Trade Exhibition 


in 







Paediatric Cardiology 
1381 


Prof. R. H. Anderson, Dr. E. A. Shinebourne, 
Prof. F.J, Macartney, Dr. M. Tynan, 


J| Sponsored by the British Heart Foundation 
Speakers will include: S, Howarth, A. Pacifico, 
M. Paul, J. Somerville, M. Yacoub, A. Becker, 
O. Scott, D. Heath, M. Godman, J. Taylor, D. Southall, 
D. Krickler, D. Ward, G. Thiene, J. Stark, 
A, Carpentier, J. Wilkinson, J. Lincoln, 
E. Gussenhoven, L. Allan, D. Gibson, G. Miller, 
P. Deverall, S. Hunter, M. Quero Jimenez, E. Silove, 
M, de Leval, A. Bentovim, D. Silverman, N. Dennis, 
A. Blancquaert, B. Keeton. 
















A reduced fee is available for Nurses and 
Radiology Technicíans. 


| For further information: 
 . Conference Services Ltd., 3 Bute Street, 
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Computerized 
Tomographic 
Scanners in 
Radiotherapy 
in Europe 


British Journal of Radiology 
Supplement 15 


Under the auspices of the Commission Informa- 

tique of the European Association of Radiology, a 

Workshop was held at the Headquarters of WHO, 

Geneva, from 28 to 30 March 1979 on 'The Use 

of Computerized Tomographic Scanners in 

Radiotherapy in Europe’. It was clear from the 

first that CT scanning would have a major im- 

pact on radiotherapy, but how and where ? At this 

meeting 150 experts from 17 countries met to 

review, from a real background in clinical ex- 

perience of using CT scanners in radiotherapy 

planning, the progress which had been made and 

the costs involved. CT scanning is not inexpen- 

sive, but the information provided is in many 

cases unique. Following a keynote address by 
Professor Brian Pullan of the University of 
Manchester outlining what is and is not likely to 

be possible in future in tumour imaging, the 
papers cover the practical use of CT scan inform- 

ation in assessing tumour volume, planning radio- 

therapy and following tumour response in the 

head and neck, the thorax and the abdomen. The 

linkage of CT information to radiotherapy treat- 

ment planning is discussed, and the way in- 

dicated towards true three-dimensional radio- 

therapy planning. All the papers presented at the 
Meeting are included in abridged form as well as 
rapporteurs' reports of the discussions in each 
section. 


Edited by Roger J. Berry 
| 
| 


Orders to : 

Publications, The British Institute of 
Radiology, 32 Welbeck Street, 
London W1M 7PG 

Price £19.50 

ISBN 0 905749 09 X 

ISSN 0007 1285 
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A rapid and precise 
surgical X-ray system 
with high-resolution TV 








The streamline design for the CGR Optascop 


increases the range of applications in surgical 
radiology. Easier manipulation and greater mobility 
by steering castors allow precise positioning from the 
simplified control panel. 

A complete mobile high-definition intensifier 


unit equipped with a TV camera and separate 


OPTASCOP trolley-mounted monitor. 
The dual focus x-ray tube with remote 


f controlled collimator provides for radiography and 
rom fluoroscopy up to 100kV. The x-ray tube - intensifier 
TV movements are motor driven. 

Optional extras are dose reduction pulsed 


fluoroscopy, and taped memory facility. 


Full details and specification from 
CGR MEDICAL LIMITED 
Astronaut House, Feltham, Middx. Tel: 01-890 8166 


Branches at: Bristol, Cambridge, Edinburgh, 
Glasgow, Manchester, Nottingham 
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SIEMENS 


When programmed 

X-ray diagnosis is 
referred, we have the 

ideal combination 


i 


Cet 1 
SIREGRAPH-C S 






The multipurpose Siregraph C 
automatic x-ray table has enhanced 
routine diagnostic capability, including 
aniography of the body trunk and lower 
extremities. 


The escutcheon of the Tridoros 712 MP 
generator puts all the radiographic parameters 
at your fingertips by means of microprocessor 
technology 


Programmed radiographic factors may be 
inserted by the Superintendent Radiographer or 
Radiologist and these factors are retained 
permanently under lock and key. This 70kW 12 
pulse machine maintains high voltage accuracy 
yet offers extreme flexibility with provision for 

49 programmes each for radiography and 
planigraphy. 

For full details contact: Siemens Medical Group, 


Siemens Limited, Windmill Road, Sunbury-on-Thames. 
Middlesex TW16 7HS. Telephone: (09327) 85691 


Siemens-the ultimate in 
cost effective x-ray diagnosis 


SIEMENS 















Mobil XH — 

brings a micro- 
processor controlled, 
aseptic mobile 
radiography unit 

to the patient. 


The battery-powered MOBIL XR is self-propelled 
and self-contained with microprocessor controls 
providing full power exposures at 20 kW time after 
time. The adjustable counter-balance arm and a 
wide range of alphanumerically displayed exposure 
parameters allow sharp image examination of any 
organ or limb. Aseptic design with touch controls 
and total enclosure fo all components make it ideal 
for theatre use. Infinitely variable speed control 
makes it easy to manoeuvre and pull-out cable 
allows simple recharging at any power point. 


For further details or a demonstration contact: 
Siemens Medical Group, Siemens Limited, 
Windmill Road, Sunbury-on-Thames, 
Middlesex TW16 7HS 

Tel. Sunbury (09327) 85691 





In the world of mobile radiography 
Siemens has the answer. 












Applications are invited for two full-time consultant 
positions. 

These positions have become available as a result of the 
broadening of the range of services offered through the 
acquisition of new equipment, including a Seimens whole 
body C.T. Scanner. 

One position requires C.T, Scanner and Ultrasound 
expertise and the other requires expertise in Angiography. 

It is desirable that applicants for the latter position have also 
had some experience in C.T. and Ultrasound. Both 


il appointees will be required to carry out other general 
| Radiological duties within the Department and also 


participate in the "ON CALL” roster. 
There are currently 6 full-time and 9 part-time 


|. Radiologists working in the Department. Royal Perth 


- Hospital (1072 beds) is the largest acute general hospital 
|] in the State and the largest teaching hospital associated 
with the University of Western Australia. Several regional 


‘||. specialist units are included within it. The Department of 
|| Diagnostic Radiology is alarge one (18 rooms) undertaking 


| awide fange of investigations. The duties of Radiologists 
. include medical student and registrar training. À 


oyal Per th H ospital 


RADIOLOGISTS 


Departmental Trust Fund provides financial assistance for 
research and post graduate study. 


QUALIFICATIONS: Medical Practitioners 
registerable within the State of Western Australia, with 
appropriate higher radiological qualification, 

REMUNERATION: Full details will be supplied on 


application to Dr. T. M. Chakera (Head of the Department 
of Diagnostic Radiology). 


CONDITIONS OF SERVICE: tn accordance with 
the "Metropolitan Teaching Hospitals Salaries and 
Conditions of Service Agreement 1979 — Clinical Staffs”, 


FURTHER INFORMATION: A Memorandum of 
information is available on request. 


APPLICATIONS: Tobeaddressed to the 
Administrator, Royal Perth Hospital, Box X2213, G.P.O., 
Perth, Western Australia, 6001, and to include personal 
details, age, qualifications, experience, publications, names 
and addresses of two referees, recent photograph. 


CLOSING DATE: Friday, September 4th, 1981. 
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. Senior posts at Groote Schuur 
Hospital in Cape Town 


The Hospitals Department of the Provincial Administration 
of the Cape of Good Hope has the following vacancies 
at the Groote Schuur Hospital In Observatory, Cape Town, 
probably the world’s most attractive coastal city. 


PRINCIPAL SPECIALIST 


Salary: R26,250 (fixed) per annum 
(£1 sterling equals R1.79). 


PRINCIPAL PROFESSIONAL 
OFFICER (Radiobiologist) 


Salary: R15,870 = 735—R19,545 per annum 
(£1 sterling equals R1.79). 


Both posts are on the Joint Staff of the Cape Provincial 
Administration at the Groote Schuur Hospital and the 
University of Cape Town, and will carry Senior Lecturer 
Status. The Radiotherapy Department at Groote Schuur 
Hospital is a major department which, along with two 
sub-departments, sees over 5,000 new cancer patients 


per annum. Duties will be to assist the Head of the Radio- 
Therapy Department to develop these facilities, which are 
to be developed jointly with another teaching hospital in 
the Western Cape. 

A large cyclotron is being built at Faure, about 12 miles 
from Groote Schuur Hospital, by the Council for Scien- 
tific and Industrial Research, This machine would have 
facilities for proton therapy up to 200 MeV, neutron 
therapy at about 25 MeV and Helium-3 up to about 300 
MeV and will be operational in 1984. At the present time 
the design and development of the treatment facility is 
under way. Considerable radiobiological facilities will be 
available for cell, small- and large animal studies, and 
extensive facilities provided for clinical radiobiological 
studies and clinical trials. 


Further details and application forms are obtain- 
abie from the Medical Superintendent, Groote 
Schuur Hospital. Observatory 7925, Cape Town, 
Republic of South Africa. 
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. FIFTH SOUTH AFRICAN 
INTERNATIONAL RADIOLOGICAL CONGRESS 
“IMAGEOLOGY 1982’ 













































The theme of the Congress is Y South Africa as a country 
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T Ximatron 5 
z Treatment Planning Simulator 
The Ximatron 5 is the most 


accurate and versatile 
M treatment planning 
unit in the world, 
and the product 
of over fifteen years 
of simulator development 
and manufacture. 








Forever mindful of the 
future, T.E. M. have 
incorporated the Ximascan 
into the Ximatron 5. 
This facility allows a digital 
tomographic scan of the patient 
to be taken. 


Variable speed controls facilitating 
quick and easy setting and 
planning procedures, providing digital 
readouts with a B.C.D. output. 





The Ximascan may be interfaced 
directly to the T.E.M. treatment planning 
computer system. 





For further details: 


TEM Instruments Limited 


Gatwick Road. Crawley. Sussex, RH10 2RG, England Tel 0293 31244 
Telex 87397. Grams: TESTMENT CRAWLEY 
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This Manual is concerned with the radiation protection of 
patents undergoing diagnostic examinations or treatment 
with ionising radiations. It examines the responsibilities of 
the many individuals — general practitioners, clinicians, 
radiologists, radiographers and physicists ~ whose special 
fields of knowledge together contribute to the radiation 
safety of the patient, and it proffers advice to each in turn as 
to the preferred procedures to minimise the patient's 
radiation dose without reducing the level of diagnostic 
achievement or the efficacy of treatment. 

The Manual is to be published in two Parts, dealing with 
radiology and with nuclear medicine and radiotherapy. 
PART I. - DIAGNOSTIC RADIOLOGY, covers the X-ray 
examination from the initial request to the final report. The 
scientific and technical factors which enable the clinical 
objectives to be attained with minimal dose to the patient 
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British Council Medical Courses 


Medical Oncology in the 1980s. 
The Co-ordinated Approach 


14—26 March 1982 in London 


The intention of this course is to focus on the main new areas of basic research and clinical techniques which 
may improve the current management of various tumours. The course will include a brief review of our current 
understanding of abnormalities in the tumour cell, improvements in diagnostic and tumour localising tech- 
niques, the development of new anti-cancer drugs, the application of tumour markers and their application in 
management of various tumours and a detailed discussion of the application of chemotherapy in common, and 
some of the uncommon, forms of human cancer. The course will be arranged at the Postgraduate Medical 
Centre at the Charing Cross Hospital, London. The Director of Studies is Professor K D Bagshawe. This course 
is intended for medical oncologists, radiotherapists and senior clinicians with a major interest in oncology. 
There are vacancies for 30 members. 

Fee including demi-pension accommodation £575. 

Applications must be received in London by 15 November 1981. 


The Biological Basis of Radiotherapy 
7-19 February 1982 in London | 


The course will be directed by Professor G E Adams and Professor M J Peckham of the Institute of Cancer 
Research and Royal Marsden Hospital. Examples of the subjects which will be covered are : molecular, 

cellular and tissue radiobiology, including mechanisms of radiation action and cellular response, modification 
of radiation effects by oxygen, chemical radiation sensitisers, radioprotective drugs, cytotoxic drugs, hyper- 
thermia, radiation quality dose-rate and fractionation. 

This course is intended for Professors and Heads of departments of Radiotherapy and Radiobiology, clinicians 
with a major interest in radiation oncology, pharmacologists working with radio sensitisers and chemo- 
therapy. 

There are vacancies for 40 members. 

Fee £590 

Applications must be received in London by 21 September 1981. 


Urological Cancer 
18-29 April 1982 in London 


The aim of this course is to review modern concepts and results in the epidemiology, diagnosis and treatment 
of cancer of the urological system. It is intended to appeal to both the clinician and the research worker and in 
a decade which has seen rapid advances in laboratory and hospital to give each a better understanding of the 
problems and objectives of the other in their respective fields. The joint Directors of Studies will be Professor 
J P Blandy of The London Hospital and Dr R T D Oliver of the Institute of Urology, London. The working 
sessions of the course will take place at The London Hospital Medical College. 

There are vacancies for 30 members. 

Fee including demi-pension accommodation £630. 

Applications must be received in London by 31 December 1981. 


Application forms and further information can be obtained from local overseas Representatives 
of the British Council or from The Director, Courses Department, 65 Davies Street, London 
WA1Y 2AA Britain. 
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WE'RE OLD FASHIONED 


Old fashioned letter headings which actually 
show the exact nature of our business which is the 
supply of X-ray accessories, and has been since 1910. 

Old fashioned invoices written in old fashioned prose. 

Old fashioned courtesy in replying promptly to 
correspondence, however trivial. 

Old fashioned direct-line telephones to 
executives. 

Old fashioned standards of working until the 
job is done. 

Old fashioned offices with a Preservation Order, 
cosy adjustable gas-fires and wall-to-wall carpets. 

Old fashioned flower garden with a wrought-iron 
gate to the church-yard (yes, we know this one leaves 
us wide open to wise-cracks). 

Old fashioned warehouse in a range of cottages in 
Cow Lane. 

If you like concrete structures, computers, 
switchboards who leave you in the air, minimum-order 
conditions and all the other ideas adopted by progressive 
firms, we are not for you—but you'd be surprised to 
know how many thousands of people seem to be 
old-fashioned enough to deal with a firm like us. 


VERYTHING 
X-RAY 


since 1910 


CUTHBERT ANDREWS 


EVERYTHING X-RAY LTD. 


5 HIGH STREET, BUSHEY VILLAGE, WATFORD WD2 IBE 


Overseas telegrams: Telex: Telephone: 
EXRAYZE WATFORD gs berg 01-950 2525 
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Round (helical) atelectasis 
By *S.-R. Cho, M.D., *D. A. Henry, M.D., *M. C. Beachley, M.D. and tJ. W. Brooks, M.D. 


Departments of *Radiology and tSurgery, Virginia Commonwealth University/Medical College of Virginia, 
Richmond, Virginia, USA 


(Received October 1980 and tn revised form March 1981) 


ABSTRACT — Round atelectasis (RA) is an unusual, localized form 

Round (helical) atelectasis is a little-known form of 
pulmonary collapse. It is thought to occur secondary to lung 
compression from pleural effusion or following therapeutic cussed in the English literature (Schneider et al., 
pneumothorax. Its occurrence is favoured in patients with 1980: Hanke and Kretzschmar 1980) These coiled 
exudative pleural effusions and extensive pleural thickening. ; - j 3 i ! 
[t presents radiographically as a pulmonary pseudotumour, 
and experience with this entity and its pathogenesis are 


of lung collapse which has only recently been dis- 


mass-like lesions are seldom truly round and the 


discussed. 








* Address for reprints: Shao-Ru Cho, M.D., MCV Station 
Box 615, Richmond, Virginia 23298, USA. 





A Pic. Il. H 


(a) PA and (B) lateral views of the chest demonstrate a 4 cm mass in the superior segment of the left lower lobe. Over- 
expansion of the left upper lobe with dow nward displacement of the left hilum is seen. There is blunting of the costophrenic 
angles due to previous pleural disease. 
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A tomogram, lateral cut, at the peripheral portion of the 
mass shows numerous linear stripes radiating from the mass 
toward the posterior pleura. 


term "helical atelectasis" is more descriptive and 
recalls their pathogenesis. However, in the interest of 
avoiding confusion, the term "round atelectasis” 
will be used. RA presents radiographically as a 
rounded, oval, angular or comma-shaped density 
most commonly at the base of the lung posteriorly, 
although it has been described elsewhere in the 
chest (Benard et al., 1973; Brune et al., 1974 ; 
Choffel et al., 1977; Fadhli and Derrick. 1965: 
Hanke, 1971; 1972; Hanke and Kretzschmar, 1980: 
Heine, 1962; Kretzschmar, 1975; Roche et al., 1956: 
Roche and Rousselin, 1957; Schneider et al., 1980). 
|t does not conform to segmental or lobular orienta- 
tion. RA is generally preceded by a pleural effusion, 
but has been described following therapeutic pneu- 
mothoraces. Recognition of this type of pulmonary 
collapse and its differentiation from other patho- 
logical processes which may present as a pulmonary 
mass density are important to avoid unnecessary 
surgery. The purpose of this report is to describe our 
experience with RA and further to evaluate its 


| 


pathogenesis and radiographic appearance, 





Fic. le. 


mass demonstrates multiple pulmonary vessels encircling Post-operative chest radiograph shows no residual mass in 


A tomogram, lateral cut, through the middle portion of the 


the mass in a helical fashion (arrow) the lung 
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Case REPORTS 
C'ase ! 

A 62-vear-old black man was admitted to a local hospital 
with a one-year history of intermittent gross haematuria. 
‘The urological evaluation revealed a Grade II transitional 
cell carcinoma of the bladder. The patient was transferred to 
our institution for further evaluation and therapy. 

Past medical history was significant in that the patient had 
had spinal surgery for spur removal in 1971 and had a recent 
bout of pneumonia in 1977. He has smoked heavily for many 
vears and admitted "bronchial trouble" and chronic short- 
ness of breath on exertion. 

Pertinent physical findings included moderately decreased 
breath sounds over the right lower chest posteriorly as well 
as a slight fullness in the left side of the lower abdomen 
above the pubic symphysis. The rest of the physical ex- 
amination was unremarkable. 

Laboratory data included a haemoglobin of 13.3 g^, and a 
urinalysis which demonstrated numerous WBCs and 15 to 
20 RBCs per high power field. The chest radiographs 
demonstrated a 4 cm mass density localized in the superior 
segment of the left lower lobe. Also noted was overexpansion 
of the left upper lobe with downward displacement of the 
left hilum (Fig. 1a, B). Comparison with a chest radiograph 
one month earlier demonstrated that the mass had grown 
slightly in the interval. Linear tomograms of this mass 
demonstrated it to be round and well demarcated without 
any significant internal features. Linear densities were noted 
to extend from the mass toward the posterior chest wall 
suggesting pleural involvement (Fig. 1c). The proximal 
portion of the left lower lobe superior segmental bronchus 
was identified and was patent. Inferior to the mass were 
pulmonary vessels which entered the mass in a spiral 
fashion (Fig. 1p). Due to the helical appearance of the mass 
and adjacent vessels, the diagnosis of round atelectasis was 
considered in addition to a primary or secondary pulmonary 
neoplasm. 

Bronchoscopy, mediastinoscopy and bilateral scalene node 
biopsies were performed, and revealed a normal tracheo- 
bronchial tree and chronic lymphadenitis of the scalene and 
mediastinal lymph nodes. At surgery the left lower lobe was 
found to be entrapped by pleural adhesions. ‘The adhesions 





\ ic. 


(a) PA and (B) lateral views of the chest reveal a 4 





6 cm mass at the posterior portion of the right lower 
the right heart border. Diffuse pleural thickening 1s noted as well. 
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were lysed and decortication was performed allowing the left 
lower lobe immediately to reinflate. Histological examina- 
tion of portions of resected pleura revealed only inflam- 
matory changes. Post-operative chest radiographs showed 
no residual mass (Fig. IE). The surgical and pathological 
findings confirmed the radiographic impression of RA. The 
patient recovered uneventfully and was discharged one week 
after thoracotomy. 


Case 2 

A 52-year-old healthy white male presented to his per- 
sonal physician for a routine physical examination. He had 
no specific complaints. During the course of this examina- 
tion a chest radiograph revealed a pulmonary mass lesion 
and the patient was referred to our institution for further 
evaluation. 

Historically, the patient has accumulated 70 pack years of 
smoking and also had a history of asbestos exposure several 
vears previously. He denied cough, shortness of breath, 
haemoptysis, bronchitis or pneumonia. On physical exami- 
nation the only pertinent findings were soft rhonchi on 
auscultation and a slightly prolonged inspiratory phase. 
Laboratory and ECG findings were unremarkable, A chest 
radiograph demonstrated diffuse pleural thickening on the 
right as well as obliteration of the right lateral and posterior 
costophrenic sulci. No definite pleural calcifications were 
detected. In addition there was a 4x6 cm mass noted 
posterior and medially in the right lower lobe. It projected 
behind the right heart border and was vaguely identified 
over the thoracic spine on the lateral view (Fig. 2A, B). 
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Tomograms, (c) AP and (n) lateral cuts, demonstrate an oval shaped soft tissue mass attached to the pleural surface pos- 


teriorly. There are multiple pulmonary vessels encircling this mass in a coiled fashion. D 


Tomographic examination of this mass in both the AP and 
lateral projections demonstrated a soft tissue mass which 
was somewhat oval in shape and attached to the pleural sur- 
faces posteriorly. There were multiple pulmonary vessels 
encircling this mass in a coiled fashion (Fig. 2c, D). Round 
atelectasis was the radiographic impression. However, due 
to the patient's smoking history and the previous exposure 
to asbestos, we felt compelled to exclude a bronchogenic 
carcinoma. Bronchoscopic examination was performed and 
was normal. Needle aspiration biopsy of the mass vielded no 
evidence of an inflammatory process. Two Cope needle 
biopsies at the same site followed and the histological diag- 
nosis of chronic pleuritis and asbestosis was made. There 
was no evidence of malignancy. Due to the radiographic 
findings and the histological information obtained, it was 
determined that this patient should be discharged and 
followed in the chest clinic. His chest radiographs have 
remained unchanged for one vear. 


C'ase 3 

A previously healthy 54-year-old white male suffered 
blunt trauma to the left side of his chest. The patient 
experienced pain but did not seek medical attention at this 
time. Three months after this episode on a routine physical 
examination, an abnormal density was identified in the left 
lower lung field on chest radiograph. He was subsequently 
referred to this institution for evaluation. He had been 
asymptomatic in the interval between the traumatic event 
and the physical examination. Past medical history was 
unremarkable except that the patient was a smoker. Physical 
examination on admission was unremarkable. The examina- 
tion of the chest was normal. Chest radiographs at admission 


Diaphragm; H= Hilum. 


demonstrated a 3.5x 4.5 cm oval localized to the 
superior segment of the left lower Pleural adhesions 
were identified at the left base, as was some hyperexpansion 
of the left upper lobe with downward displacement of the 
left hilum (Fig. 3B, c). Previous chest radiographs one-and- 
a-half years demonstrated only basal 
pleural adhesion (Fig. 3a), AP tomographic examination 
demonstrated an oval mass density posteriorly with clearly 
detined air bronchograms within the mass (Fig. 3p). At 
thoracotomy, the pleura was markedly thickened and 
scattered areas of cholesterol and hyaline depositions were 
noted. There was a massive contraction of the left lower lobe 
particularly involving the superior, posterior basal and 
lateral basal segments. There was marked distortion of the 
lung secondary to the contraction giving rise to a mass-like 
appearance. Decortication was undertaken and the lower 
lobe was carefully unfolded, revealing no mass. Biopsies of 
the pleura demonstrated only hyaline deposition and 
fibrosis. Ther evidence of malignancy. Post- 
operative chest examinations demonstrated re-expansion of 
the left lower lobe. Follow-up chest examinations demon- 
strated no evidence of recurrent atelectasis ( Fig. 3E). 


mass 


lobe 


before admission 


Was no 


DISCUSSION 
Loeschke (1928) gave the first description of 
helical or rounded pulmonary atelectasis in his dis- 
cussion of collapse associated with pleural effusion. 
He made the key observation that the lower edge of 
the lung became folded on itself due to pressure 


646 


AUGUST 1981 


Round (helical) atelectasis 





1:21:75 


Fic. 34. 
PA view of chest obtained about a vear and a half prior to 


admission reveals non-specific chronic interstitial disease 
and pleural adhesions at both bases. 


exerted by the pleural fluid. Schummelfeder (1956) 
confirmed this finding and concluded that the en- 
folding of the lung can occur not only in an upright 
and backward fashion, but also in a downward and 
diaphragmatic direction as well. Roche et al. (1956; 
1957) described lung opacities in patients who had 
undergone therapeutic pneumothorax for tuber- 
culosis. They attributed these opacities to atelectasis 
secondary to neurovascular reflexes, although they 
did consider the lung folding on itself. Heine (1962) 
described several cases of mass-like atelectasis in 
patients following therapeutic pneumothoraces, 
which he either resected or successfully re-inflated 
after decortication. However it is Hanke's report in 
1971 that most clearly described this type of 
atelectasis (Fig. 4A—p). 

In the common form of atelectasis, the radio- 
graphic presentation is that of a triangular area of 
increased density corresponding to the lobe or 
segment involved. This appearance depends on the 


Fic. 3. 
(n) PA and (c) lateral views of the chest on admission reveal 
a 3.5 x 4.5 cm oval mass at the superior segment of the left 
lower lobe (arrows). Pleural plaques at the left base are better 9. 29-76 
seen in the lateral projection. Compensatory expansion of 
the left upper lobe with downward displacement of the left 
hilum is noted on the PA view. 
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air bronchograms within the 
mass (arrows) 


AP tomogram demonstrates 


continued contact of the parietal and visceral pleural 
surfaces peripherally, as well as anchoring of the 
lung at the hilum. In RA, the presence of pleural 
fluid prior to the development of atelectasis permits 
the pleural surfaces to separate, and isolates the 
finger-like projection of lung, actually shaped like an 
inverted pyramid, in the posterior costophrenic 
sulcus (Fig. 4a). This isolation allows the pleural 
fluid to compress all of that portion of lung except 
for the base of the pyramid. Ultimately, trans- 
pulmonary pressure is increased under the effusion 
and eventually exceeds intraluminal airway pressure 
and collapse ensues. This process is favoured at the 
base of the lung due to the more positive pressure at 
the base of the pleural space relative to the apex, and 
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Fic. 3E. 


PA view of the chest taken two months after surgery shows 
good expansion ol the lett lung with no evidence of recurrent 
atclectasis. 


gravity may play a role as well. A similar process 
occurs in pneumothorax. Once again the pleural 
surfaces are separated and portions of the lower lobe 
are flattened out in finger-like projections. This 
probably accounts for the appearance of this entity in 
patients following therapeutic pneumothoraces. 

The enfolding process begins with either a clock- 
wise or counter-clockwise rotation of the lower lobe 
bronchi (Fig. 4B, p). Rotatory movement is very 
likely aided by diaphragmatic activity during normal 
respiration. Once the rotation reaches the point at 
which the airway becomes kinked, atelectasis be- 
comes more complete and the collapsed portion 
assumes a more flattened shape. As a result of the 
rotatory process, this flattened portion of lung comes 
to lie adjacent to the remaining portions of the lower 
lobe, either posteriorly or inferiorly. Their visceral 
pleural surfaces are juxtaposed and over a period of 
time a fibrinous bond forms between these surfaces 
and the nucleus of RA is formed (Fig. 48). 

As the effusion resolves and the pleural space is 
cleared, adhesions and areas of pleural thickening 
remain, Re-expansion of the lung, altered by the 
adhesions and pleural thickening, coils the nucleus of 
RA (Fig. 4c, D). 


nucleus to become further enfolded and it assumes 


Normal respiration. causes the 


an oval, spherical, or angular shape. Its shape 
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depends on the elastic recoil properties of the chest 
wall and the lung and to what degree they are 
influenced by pleural adhesions and scarring. With 
fewer adhesions, one might expect a more rounded 
appearance. 

The evolution of RA takes several weeks or 
months. Once present, it may persist unchanged for 
a year or more, increase in size (Choffel et al., 1977), 
regress or even totally disappear (Hanke, 1971). It 
has also been observed to re-appear following re- 
expansion via decortication (Schneider et al., 1980), 

Factors favouring the formation of round atelect- 
asis include the presence of a pleural effusion, most 
commonly an exudative effusion. Inflammation of 
the pleural surfaces would favour the deposition of 
fibrin which would be important in producing the 
bond between the juxtaposed visceral surfaces in the 
enfolding process. It is noteworthy that this entity 
has frequently been described in the French and 
German literature in patients with tuberculosis, or 
with asbestosis as in our case and others (Schneider 
et al., 1980; Blesovsky, 1966). The pleural effusions 
in these entities are quite similar and are both 
exudative. 

The depth and AP dimension of the posterior 
costophrenic sulcus are important since the deeper 
and narrower the sulcus, the more likely it is that the 
lung residing in such an angle would be subject to 
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compression in this process. Also the deeper the 
angle, the more likely it is that the projection of the 
lung would be influenced by diaphragmatic activity 
and displaced by the diaphragm once the rotatory 
movement has begun. 

The radiographic findings in this process include a 
mass density which may assume a round, oval, 
angular or comma-like shape. The mass is pleural 
based. Air bronchograms may be seen within the 
mass (Fig. 3p). The bronchovascular bundles ad- 
jacent to the mass assume a helical arrangement as if 
they were being pulled into this mass density. This 
is best demonstrated via lateral tomography. Radiat- 
ing linear densities originating in the area of the mass 
are sometimes seen and are thought to represent 
tethering of the pleura resulting from the enfolding 
process (Fig. Ic). Elsewhere in the hemithorax, 
there is evidence of pleural disease such as pleural 
thickening, blunting of the costophrenic angles, a 
shrunken hemithorax, or pleural calcification. With- 
out obvious evidence of pleural disease, the diag- 
nosis of RA should be suspect. Other signs of 
collapse may be present such as hyperaeration in the 
same lobe or in other lobes. Depression of the hilum 
on the ipsilateral side and altered position of the 
fissures may also be seen. This diagnosis must be 
considered in any pleural-based mass lesion of lung, 
especially when associated with pleural disease and a 





Fic. 4. C D 
(A) The compression effect of the pleural effusion on the lung and the finger-like projection of the lung edge due to partial 
atelectasis 1s seen in the posterior costophrenic angle (From Hanke (1971), with permission). 


A B 


(8) The tilted lung edge is pushed against the base of the lung and a pleural groove is formed following this folding process. 
When fibrin deposits cause these apposed pleural surfaces to stick together, it forms the nucleus of the round atelectasis 
(From Hanke (1971), with permission). 


(c) After the resolution of the pleural effusion, the re-expanding force from the adjacent normal tissue causes atelectatic por- 
tion of the lung to assume a more rounded appearance. This coiling causes the helical appearance of the adjacent broncho- 
vascular bundles (From Hanke (1971), with permission). 

(p) The same process developing in the pulmonary base above the diaphragm is illustrated (From Hanke (1971), with permis- 
sion). À - axis of rotation; CE — compensatory emphysema; HA - round (helical) atelectasis; NPR —new visceral pleural 
reflection at costophrenic angle; OPR = original visceral pleural reflection at costophrenic angle; P = pachypleurisy; PG = 
pleural groove; TP —tilted pleural surface. 
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previous effusion or pneumothorax, but requires 
recognition of a mass density associated with a helical 
arrangement of adjacent bronchovascular structures 
in the chest (Figs. 1D, 2p). When this constellation of 
radiographic findings is present, round atelectasis 
should be considered. 
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Book review 


Radiology of Bone Disease. By George B. Greenfield, 3rd 
edit., pp. 858, 1980 (J. B. Lippincott, Philadelphia), £39-00. 
ISBN 0-397-50432-2 

It is a pleasure to have the opportunity to review an en- 
larged third edition of a frequently used book in our depart- 
mental hbrary. The author remains faithful to his stated 
aims, being to group diseases by predominantly radiographic 
features, to collate recent information and to advocate a 
systematic approach to diagnoses. There are accordingly 
nine sections reflecting this approach including an analytical 
approach to bone radiology, loss of bone density, alteration 
in bone texture, changes in size and shape of bone, etc. The 
volume is liberally sprinkled with illustrations, including 
plain films, isotopes, CT and angiography, and contains 
many full gamuts. There is a good index. A bibliography is 
given with each section comprising between 100 and 150 
pertinent references. 

Whether or not this book is well received will depend, to 
an unusual degree, on the reader’s preferences. For example, 
the approach used results in diseases being scattered 
throughout the book in different sections. The authors’ 
desire to incorporate clinical, laboratory and other features 
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of various diseases seems sometimes excessive, with,for 
example, two pages on the clinical criteria. for diagnosing 
rheumatoid arthritis, with perhaps some disadvantage to the 
description of the radiological signs of disease. Although 
liberally supplied with illustrations, a fair proportion are of 
relatively poor quality on reproduction. There is virtually no 
information on arthrography, myelography or venography 
and disappointingly few isotopic investigations. The really 
common problems such as trauma and the low back pain 
syndromes are hardly mentioned. The author's view, that it 
is no longer sufficient for radiology just to predict histology 
of bone lesions, 1s reflected in the frequent use of pathology 
to explain radiographic signs. 

This book should be in the libraries of all training depart- 
ments in radiology and will be frequently used as a bench 
book by those practising bone and joint radiology. It is not a 
substitute for basic texts to the training radiologist but 
rather complements the other authoritative tomes which 
every good department should have. Its concept is brilliant 
but it may be argued that it does not quite achieve its ob- 
jective in practice. 

Jain Watt. 
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Benign greater curve gastric ulcer: the "sump-ulcer" 


By *R. E. Kottler, M.B., Ch.B., M.Med.(Rad.D.) and R. J. Tuft, M.B., B.S., F.R.C.S. 
Department of Radiology, Groote Schuur Hospital and University of Cape Town, Observatory, Cape Town 7925, 


South Africa 
( Received December 1980) 


ABSTRACT 

‘Twenty-six cases of greater curve gastric ulcers are 
presented, of which all but one were benign. ‘There appears 
to have been an increased occurrence of benign greater curve 
gastric ulcers in our institution. By using a double contrast 
barium examination diagnostic accuracy was high, although 
endoscopy and biopsy are required for confirmation, Greater 
curve gastric ulcers were commonest in elderly patients with 
concomitant disease and a high intake of oral drugs, parti- 
cularly analgesics, potassium chloride supplements and 
steroids. The constant location of the ulceration in the most 
dependent part of the stomach suggests a causai relationship 
with drug ingestion in these patients. The term "sump- 
ulcer” is suggested. A relatively high incidence of perfora- 
tion and gastrocolic fistulae was found. It would appear that 
gastrocolic fistulae from benign peptic ulcer disease, pre- 
viously thought to be excessively rare, are becoming more 
commonly recognized. 


The finding of an ulcer on the greater curve of the 
stomach often raises the spectre of malignancy, but it 
is now well established that most greater curve 
gastric ulcers (GCGUs) are benign (Findley, 1961; 
Lumsden, 1973). Our experience confirms this but 
suggests, furthermore, that the benign GCGU 1s a 
disease of elderly patients, many with concomitant 
disease who are taking multiple oral medication and 
analgesics. 

Greater curve gastric ulcers are uncommon but it 
would appear that there has been a recent increase in 
incidence among our patients. ‘These ulcers are prone 
to occasional perforation with formation of a gastro- 
colic fistula. This complication following benign 
peptic ulceration was once thought to be very rare, 
but is being more frequently encountered (Hitchens, 
1972; Laufer et al., 1976; Rabin and Philips, 1977; 
Karakousis and Greenberg, 1979). 

Although benign and malignant ulcers may be 
found anywhere along the greater curve, all our 
ulcers were situated in the distal third of the 
stomach, with none in the proximal two-thirds. ‘The 
concept of a “sump-ulcer’”’ is therefore introduced, 
ie. an ulcer situated in that part of the stomach 
which is the lowest when the patient stands up. 


PATIENTS, METHODS AND RESULTS 
In our series of 26 greater curve ulcers, seven were 
collected by one author (R.E.K.) between 1968 and 





*Address for reprints: Prof. R. E. Kottler, Department of 
Diagnostic Radiology, Groote Schuur Hospital, Observatory, 
Cape Town 7925, South Africa. 


1978 and the remaining 19 cases were encountered in 
the period January 1979 to August 1980. A double 
contrast barium meal was used in most of the latter 
cases. Of the 19 recent cases, nine were in males and 
ten in females. The age range was 40-78 years (mean 
62). The diagnosis was confirmed in all cases by 
endoscopy, endoscopic biopsy or from surgical 
specimens. With one exception, all the ulcers in this 
series were found to be benign. In the one case an 
ulcer was demonstrated within a large infiltrating 
carcinoma. 

Ulcers were defined as being on the greater curve if 
they either projected from or overlapped the inferior 
margin of the stomach. The greater curve location 
was confirmed endoscopically. Cases in whom the 
endoscopist's siting of the ulcer did not correspond 
were excluded from our series. All the GCGUs were 
constantly located in the distal third of the stomach, 
in the most dependent portion when in the erect 
position (Fig. 1). 

Three large ulcers had a diameter greater than 
3 cm, 14 ranged from 0.5-2.5 cm and two were 
healed endoscopically. The latter showed striking 





Fic. 1. 


A 2 cm benign ulcer in the most dependent portion of the 

stomach, i.e. a "sump-ulcer", A 72-year old female suffering 

from CCF, taking diuretics, potassium supplements and 

analgesics for arthritis, being investigated for iron deficiency 
anaemia. 
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Fic. 2. 


A healed greater curve gastric ulcer following a 1.5 cm ulcer 
demonstrated six weeks prior to this study. Note the striking 
fold radiation of the healed ulcer. 


fold convergence on the double contrast barium 
meal and at endoscopv (Fig. 2). 

The major complication encountered was perfora- 
tion (6/26). Two of these perforations were acute, 
into the peritoneal cavity, and the remaining four 
produced gastrocolic fistulae. Of the four cases of 
gastrocolic fistulae two were suspected on barium 
meal examination, but barium enema remained the 
definitive procedure for diagnosis. 

Of our recent 19 cases, records showed that 14 
were receiving oral medication. Eight received di- 
uretics and potassium supplements, and 11 took 
regular or occasional analgesics, but among these 
there were also two diabetics on oral therapy and two 
receiving steroids. The multiplicity of the diseases 
and treatment in these cases is striking but renders 
analysis difficult. 


DISCUSSION 
The previously reported incidence of GCGUs has 
been between 2.5and5.0°,, of all gastric ulcers, and the 
majority of them are benign (Findley, 1961). In most 
of our cases, especially where a good double contrast 
barium study was obtained, the probability of a 
benign ulcer could be predicted with reasonable con- 


fidence, but all were nevertheless referred for 
endoscopy and endoscopic biopsy to exclude 
malignancy. 


There appears to have been an increased incidence 
of benign GCGUs in our institution. This may be 
due to a real increase but is also partly due to 
improved detection and to our greater awareness. 

The profile radiological features of benign GCGUs 
have been described (Zboralske et al., 1978). Our 
experience confirms those observations that in 


6 


5 
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Fic. 3. 
A typical 2.5 cm benign penetrating ulcer in the sump of the 
stomach showing a slightly “‘recessed”’ and “intraluminal” 


position simulating malignancy. All the ulcers in this series 
were located in this particular region of the stomach. 





FIG. 


A 0.5 cm healing ulcer presenting in the shape of a ring with 

converging folds in a double contrast barium meal. A 64- 

year-old female taking oral anti-diabetic drugs, diuretics, 
potassium supplements and iron. 


profile GCGUs may have an apparent intraluminal 
location, appearance and have 
“shouldered” edges. The features which suggest 


show a recessed 
malignancy on the lesser curve are therefore occa- 
sionally seen with benign ulcers on the greater curve 
(Fig. 3). 

In three of our cases, the ulcer presented only 
radiological signs of converging folds, and evidence 
of a healed or healing gastric ulcer was found endo- 
scopically. Such findings are recognizable only in 
double contrast barium studies (Fig. 4). On the other 
hand, the small bowel may obscure the greater curve 
in the double contrast examination, and in one case a 
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Fic. 5. 


A 50-vear-old female on oral analgesics complaining of 
dyspepsia and flatulence. Barium meal showed a “sump- 
ulcer" with a gastrocolic fistula. 





Fic. 7. 


Barium enema showing gastrocolic fistula (arrows) arising 
from a large gastric ulcer (U) on the greater curve of the 
stomach (S) in a 52-year-old male. 


7 cm GCGU could only be detected in subsequent 
single contrast compression views. 

Ulcers have been described as occurring anywhere 
on the greater curvature of the stomach, but in our 
: l E : experience greater curve ulcers in the proximal two- 
a 3 v thirds of the stomach are exceptionally rare, and we 
À Á, Lm "hg have not encountered any during the period of this 

"es " study. The correlation between the radiological 
greater curve and endoscopic greater curve was not 


or 


f 


always straightforward; hence we have confined 





ourselves to ulcers in which there was endoscopic 
agreement, 


FIG. 6. Our cases showed an equal sex ratio, but GCG U 
Barium meal showing ulcer with suspected gastrocolic 
fistula. This was confirmed by barium enema. A 67-year-old . 

diabetic male taking drugs for arthritis. age 62 years). It became apparent that the patients 


does appear to be a lesion of elderly patients (mean 
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had a high incidence of concomitant disease (cardiac 
failure, diabetes, "arthritis") and the majority were 
on multiple medications for this. The multiplicity of 
the medication made it difficult to incriminate any 
particular drugs with certainty, but potassium 
chloride, analgesics and steroids are gastric irritants. 
The constant location of the ulcer in the most 
dependent portion of the stomach in the erect 
position is noteworthy and it is tempting to postulate 
that tablets may collect in this particular area and 
produce irritation. The term "sump-ulcer" is sug- 
gested for GCGUs in this situation. 
Complications were encountered in six of our 26 
cases. There were two acute intraperitoneal perfora- 
tions and four gastrocolic fistulae (Figs. 5, 6, 7). 
While the majority of gastrocolic fistulae is thought 
to be due to malignant disease, their association with 
benign peptic ulcer disease has become increasingly 
recognized. Martel (1977) reviewed the English 
literature and found that 47 cases had been recorded 
due to benign peptic ulcer. Rabin (personal com- 
munication, 1980) has had a total experience of eight 


Book review 


Renal Microvascular Disease Angiographic-Microangiographic 
Correlates. By Joseph J. Bookstein and Richard L. Clark, 
pp. xx-4-451, illus. 1980 (Little, Brown & Co., Boston), 
$49.00. 
ISBN 0-316-10237-7 

There are 20 pages with Roman numerals to be got 
through at the start of this book, but do not be put off. Stuff 
like “aspects of beauty and excitement" and "state of the 
art" makes dutiful, tired bows here. Once the titles have 
stopped rolling, better, stunning things lie in wait. We have 
known for several years that these two authors were jointly 
at work, combining Bookstein's in vive magnification angio- 
grams with Clark's in vitro microangiography. The result is 
a remarkable volume. The language is uncluttered, the 
illustrations ravishing. The reader is led through basic 
angiogram concepts, normal anatomy and blood flow, to an 
angiographic classification of renal parenchymal disease. The 
classification is expanded in the following chapters: first 
acute and chronic loss of glomerular granularity, and then 
interlobar occlusive disease. Later chapters home in on 
pathological entities like pyelonephritis, renal infarction and 
ischaemia, hypo- and hypervascular masses. The emphasis 





gastrocolic fistulae, only one of which was malignant. 

In conclusion, these experiences are reported to 
draw attention to the location, aetiology and com- 
plications of benign peptic ulcers of the greater curve. 
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is always on making sense of the clinical angiogram in the 
light of histology, pathophysiology and microangiography. 
The transplanted kidney is not forgotten. 

The authors are not only clear but honest. “A one-to-one 
correlation. between angiographic pattern and histologic 
classification of disease does not exist" (p. 57); “micro- 
infarcts (these do not reproduce adequatelv on this illus- 
tration)” (p. 134); for ATN and acute rejection in the 
transplanted kidney “in general, angiographic differentiation 
is not reliable" (p. 364). You may have doubts about what is 
said in the book—-if so, it is probably the authors who have 
stimulated you in this direction. 

Bookstein and Clark stake out a field, plough it, and put 
down seeds. This is well done, and full of insights. Did you 
know that one may find renal vascular malformations 
(angiodysplasia) in patients without haematuria? Interest- 
ingly, a current British obsession, the recurrent loin pain- 
haematuria syndrome, receives no more than mention. 

I think that anyone interested in the kidney will wish to 
study if not own this book. 

THOMAS SHERWOOD. 
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ABSTRACT 

Fifty-two patients with carcinoma of the rectum under- 
went computed tomography (CT) in the immediate pre- 
operative period. CT was used in order to assess extrarectal 
tumour spread. The resected specimen was staged by the 
pathologist who subdivided spread in continuity beyond the 
bowel wall into slight, moderate or extensive. In 21 out of 23 
patients with no or slight extrarectal local spread C'T showed 
normal perirectal fat. Extrarectal spread was demonstrated 
by CT in eight of the nine patients found to have extensive 
local spread. This was seen to be circumferential in the only 
two patients with inoperable tumours. CT identified 
discrete nodal enlargement in seven of the 18 patients with 
histologically involved lymph nodes. CT may help the less 
experienced surgeon, especially when he is not confident of 
his findings at digital examination. CT allows assessment of 
high rectal tumours which cannot be examined digitally. It 
may play a role where a tumour with extensive local spread 
is clinically suspected and confirmation is needed before pre- 
operative radiotherapy is given. 


Reliable pre-operative determination of the extent of 
spread of a rectal carcinoma would not only indicate 
the expected prognosis but might also assist manage- 
ment. Those patients in whom the local spread was 
known to be extensive might benefit from pre- 
operative radiotherapy. The surgeon would be fore- 
warned of patients in whom resection may prove 
difficult. 

The diagnosis of rectal carcinoma largelv rests on 
digital and proctoscopic examination. The barium 
enema, while outlining the intraluminal component 
of the rectal lesion, does not provide much informa- 
tion about the degree of extrarectal spread. 

Digital examination can reveal the size and fixity 
of the tumour and the presence of extrarectal growth. 
However it may be difficult to obtain a reliable digital 
assessment, especially with high rectal tumours and 
in obese patients. Furthermore, the accuracy of the 
examination may depend upon observer experience. 

Computed tomography readily demonstrates peri- 
rectal fat (Fig. 1A, n) and extrarectal tumour spread 
into this fat should show up well. Accordingly it 
seemed possible that computed tomography might 
have a role in staging rectal cancer. We have com- 
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Fic. 1. 
Two CT scans through a normal male pelvis. Dilute contrast 
medium instilled per rectum. This patient had also received 
intravenous contrast medium and thus the bladder appears 
opaque. 


(a) Normal ischiorectal fossae containing fat. A trace of 
contrast medium can be seen in the most caudal part of the 
rectum. 


(B) 3.9 cm cephalad to Fig. 1a. Seminal vesicles (s.v.) 

between bladder (b) and rectum (r). Non-homogeneity of 

rectum compatible with faeces mixing with the contrast 

medium. Normal perirectal fat surrounded by normal 
perirectal fibrous tissue (arrows). 
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Fic. 2. 


CT scan showing tumour (arrowed) extending into the 

perirectal fat from the main tumour on the left postero- 

lateral wall of rectum. Subsequent histologv proved that the 
local spread was extensive. 


pared the extrarectal spread shown by CT with the 
degree of spread found by the pathologist in the 
excised specimen. 


PATIENTS AND METHODS 

Fifty-two consecutive patients with carcinoma of 
the rectum who were admitted for surgery to St. 
Mark's Hospital underwent computed tomography 
of the rectum in the immediate pre-operative period. 

Fifteen millilitres sodium meglumine diatrizoate 
solution (Gastrografin) diluted to 300 ml with water 
were given orally 40 minutes before, and again 
immediately before scanning, so that small bowel 
loops would be opacified, and 100 ml of similarly 
diluted Gastrografin was instilled per rectum in order 
to delineate the rectosigmoid colon. Hyoscine-n- 
butyl bromide (20 mg IV) was used to control 
peristaltic artefact. The patient had previously been 
instructed not to void. As the study progressed it 
became apparent that interpretation was more 
straightforward when the bladder was full. Accord- 
ingly intravenous frusemide (20 mg) was occasion- 
ally given. Early in the study we employed a localiz- 
ing device of graduated radiopaque catheters taped 
to the patient’s skin. Because this technique caused 
considerable artefact shadowing it was subsequently 
abandoned. An EMI 5005 (18 seconds) scanner was 
used. This scanner produces a scan thickness of 
1.3 cm. Contiguous slices were obtained from the 
pubic symphysis upwards until sigmoid colon was 
encountered. 

The presence or absence of abnormal soft tissue 
shadowing within the perirectal fat was recorded. If 
continuous with the tumour, this was recorded as 





ic. 3. 


CT scan showing a discrete soft tissue shadow within the 
perirectal fat (arrowhead), separate from the soft tissue 
density rectal tumour at this level. This was correctly 
interpreted as nodal enlargement. The tumour is seen as an 
irregular filling defect on the left of the rectum—the contrast 
medium ts displaced anteriorly and to the right—the tumour 
was not thought to extend beyond the expected confines of 
the rectum. At microscopy there was in fact moderate local 
spread, together with involved pararectal nodes. 


evidence of direct extrarectal spread (Fig. 2); if 
separate from it nodal enlargement was reported 
(Fig. 3). The level of the tumour (in cm from the anal 
verge) was known at the time of scanning. At the 
start of the study we sometimes found interpretation 
difficult because of our limited knowledge of cross- 
sectional pelvic anatomy, difficulty in estimating the 
precise position of the bowel wall and partial volume 
problems where the rectum was tortuous. However, 
at the end of the series when we had obtained more 
experience of pelvic scanning, one of us (LI.K.F.) 
reviewed all the scans without knowedge of the 
operative findings. These review interpretations 
form the basis of this report. 

Surgery was always carried out within two weeks 
of the CT examination and the resected specimen 
was staged by the pathologist. Extrarectal spread in 
continuity with the tumour was subjectively sub- 
divided into slight (<1 cm), moderate (1-2 cm) or 
extensive (>2 cm). The lymph nodes were charted 
with respect te site and size and subsequently 
examined for involvement. 


RESULTS 
In five patients CT was unsatisfactory due to 
metallic artefact shadowing: three had metallic hip 
replacements and two had copious barium retention 
from a previous barium enema. The CT findings in 
the remaining 47 patients are compared with the 
pathological findings in Table I. As it was considered 
that CT would be unable to detect slight (<1 cm) 
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TABLE I 
C'T ASSESSMENT OF DIRECT EXTRARECTAL SPREAD 
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CT ASSESSMENT OF NODAL INVOLVEMENT 
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extrarectal spread, we have grouped such tumours 
together with those with no extrarectal spread (their 
management will usually be similar). No spread was 
seen on CT in 21 of the 23 patients in this group. 
Spread was identified at CT in eight of the 15 patients 
with moderate spread, and in eight of the nine 
patients with extensive spread, 

In four patients lymphatic involvement could not 
be assessed either because the tumour was inoperable 
or because local excision was performed. Compari- 
son between the CT and pathological findings in the 
remaining 43 patients is shown in Table II. CT 
identified seven of the 18 patients with involved 
nodes (sensitivity 39%). 


DISCUSSION 

The results show that CT can be expected to 
demonstrate spread when this is more than 2 cm in 
extent, but appears unreliable in demonstrating 
lesser degrees of spread. Moderate local spread 
(1-2 cm) appears to be on the threshold of CT 
detection with spread seen in about half of such 
patients. This is very much what we would expect 
from experience gained in other areas of abdominal 
CI. 


The two patients with slight local spread in whom 





FIG. 4. 


CT scan showing a posteriorly placed plaque-like tumour 
(small arrowheads). ''here is a prominent postrectal space 
(5 cm). On narrower window settings, the perirectal fat 
posteriorly appeared somewhat denser than elsewhere. ‘This 
was interpreted as local spread but in truth there was no soft 
tissue density pararectal mass in continuity with the plaque- 
like tumour. Microscopy revealed slight (<1 cm) local 
spread. 


spread was thought to be present at CT illustrate 
problems of interpretation. In one there was a 
prominent postrectal space (5 cm) and the fat in this 
region appeared somewhat denser than elsewhere 
(this was considered to represent infiltration) (Fig. 4). 
In retrospect there was no true soft tissue mass in 
continuity with the tumour. In the other patient CT 
showed a very indistinct tumour margin peripherally 
with some apparent soft tissue shadowing lateral to 
this (Fig. 5a). Careful viewing of the cranially 
adjacent cut (Fig. 58) showed that the rectum at this 
level was tortuous and that the apparent extrarectal 
spread was due to an indistinct rectal margin caused 
by partial volume effect. This latter problem was 
encountered frequently in the upper rectum which 
can be very tortuous. 

CT failed to identify one patient with extensive 
local spread (Fig. 6). This patient was extremely thin 
with very little pararectal fat. Further confusion was 
caused by artefacts from the radiopaque localizing 
device. In retrospect the posterior margin of the 
rectum is poorly defined and, despite little pararectal 
fat, the presacral space is very indistinct. 

In two of the patients there was such extensive 
local spread that the tumour was inoperable. In both 
these patients there was an identical CT appearance 
of a ring of soft tissue density around, and a slight 
distance away from, the rectum (Figs. 7, 8). This 
sign was not seen in any other patient in this series, 
but has been seen in one other patient with an in- 
operable tumour. It has also been seen in patients 
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undergoing radiotherapy and has been described as 
the “halo” sign (Doubleday and Bernardino, 1980). 
The ring of soft tissue density is considered to 
represent perirectal fibrous tissue which may become 
thickened by tumour infiltration. If this sign indicates 
inoperability it might help management. 

It is not surprising that only seven out of the 18 
patients with involved nodes were identified, as CT 
will be most accurate in diseases where involvement 
causes enlargement and will be least accurate when 


nodes tend to be replaced with tumour but not 





(A) CT scan through a tumour on the right posterolateral as- 

pect of rectum (arrowheads). The perirectal fat alongside the 

tumour appears of higher density than elsewhere. This was 

interpreted as spread but microscopy revealed only slight 
(<1 cm) local spread. 


(B) Scan 1.3 cm cephalad to Fig. 54 shows the tortuosity of 

the rectum. A small portion of the eccentric expansion of the 

rectum (arrowhead) had probably been included on the cut 

shown in Fig. 54 (partial volume effect) and caused the 
misleading appearance, 


necessarily enlarged (as in carcinoma of the rectum). 
Furthermore, in the pelvis the course of the lym- 
phatic chains is oblique to the plane of the scans and 
normal vessels may be mistaken for enlarged nodes. 


Accordingly CT appears less accurate in assessing 


lymphadenopathy in the pelvis than in the para- 
aortic region (Korobkin et al., 1979). 





hic. 6. 


CT scan in a thin patient; the posteriorly placed tumour 
(small arrowheads) is seen within the intraluminal contrast 
medium. This was reported as showing no local spread. At 
surgery there was considerable extrarectal spread which 
proved extensive at microscopy. In retrospect the posterior 
margin of the rectum is poorly defined and, despite little 
perirectal fat, the presacral space is verv indistinct. Further 
difficulty has arisen from the use of the localizing system of 
radiopaque catheters taped to the patient’s skin. Artefacts 
from this device have partially obscured the region of interest 
in this thin patient. 





hic. 7 
CT scan of a female patient with an inoperable carcinoma of 
the rectum. Note the ring of soft tissue density material 


(arrowheads) around, and at a slight distance away from, the 

rectum. The ring merges with the uterus (u) anteriorly. This 

Was correc tly interpreted as local Spri ad. Indeed this sign of 

circumferential thickening of the perirectal fibrous tissue 
appears to indicate an inoperable tumour. 
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Pre-operative computed tomography of carcinoma of the rectum 





Fic. 8. 


CT scan showing circumferential thickening of the peri- 
rectal fibrous tissue (arrowheads) similar to that in Fig. 7. 
This case was also inoperable. 


In 45 of the patients in this study digital assess- 
ment of the extrarectal spread was made by up to 
three surgeons, each with varying experience of 
rectal surgery. This was part of a larger study of the 
clinical staging of rectal tumours, the results of 
which will be published elsewhere (Nicholls et al., 
1981). The experienced surgeon will make few major 
errors of interpretation and, unlike CT, he can often 
detect slight extrarectal spread. Both are equally 
accurate in identifying those patients with extensive 
local spread. Less experienced surgeons may be less 
accurate and might require CT on patients where the 
local spread is considered moderate or extensive on 


Book review 


Induced Disease—Drug, 
Leslie Preger, pp. xvii 
ton, New York), $35. 
ISBN 0-8089-1225-9 

With the current rapid expansion of the pharmacopoeia 
and the explosion of the medico-legal aspects of induced 
disease, this timely publication focuses on an increasing 
health hazard to modern civilization. 

[n a successful attempt to appeal to a wide range of the 
medical fraternity the editor has gleaned contributions from 
recognized authorities on both sides of the Atlantic and pro- 
duced a book which, as indicated by the title, is divided into 
three main sections. Each section is a compilation of detailed 
chapters on individual topics and the importance of detecting 
possible sequelae of “exposure” to these hazards, particularly 


Irradiation, Occupation. Ed. by 
399, illus., 1980 (Grune and Strat- 


digital examination (50°, of patients in this series). 
In this way few patients with extensive local spread 
should escape detection. CT should not often be 
required by the experienced surgeon, but even he 
might like confirmation of tumour bulk in those 
patients with extensive local spread where the re- 
sectability is uncertain. CT could be particularly 
useful in those patients with tumours too high for 
digital assessment (10%, in this series). A most useful 
application of CT would be in the local staging of 
extensive tumours intended for radiotherapy and for 
monitoring the response to treatment. In the absence 
of a specimen for pathological examination the CT 
scan would be likely to give an objective and 
permanent record of the local extent in line with the 
pathological extent in most cases. Errors of inter- 
pretation at CT would hopefully diminish with 
increasing experience, 
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to diagnostic radiologists, is obvious from the considerable 
number of radiographs used in the illustrations. 

The section on irradiation is unduly short and limited to a 
discussion on the “ten day rule", radiographs taken in late 
pregnancy and neonatal period and the effects on the gastro- 
intestinal tract and respiratory system. Perhaps this could 
have been expanded at the expense of details of the techni- 
ques of discography and epidural venography which could 
be gleaned from the abundant references following the 
chapters. 

In spite of the above criticism, the fact that two isotopic 
illustrations have been wrongly labelled and one radiograph 
printed upside down, I feel this is a very useful and instruc- 
tive addition for every radiological library. 

J. VIRJEE. 


659 


1981, British Journal of Radiology, 54, 660-664 


Ultrasound measurement of fetal limb lengths 


By Pat Farrant, D.C.R.M.U. and Hylton B. Meire, M.B., B.S., D. M.R.D. 
Department of Radiology, Clinical Research Centre, Watford Road, Harrow, Middlesex, HA1 3UJ 


( Received November 1980 and in revised form February 1981) 


ABSTRACT 

The purpose of this study was to establish the normal 
range for measurements of fetal limb bones early in preg- 
nancy. The results show a linear correlation between fetal 
biparietal diameter and limb bone length and a significant 
difference between the mean measurements of the indi- 
vidual limb bones. The clinical significance of these findings 
is discussed. 


The purpose of this study was to see whether it is 
possible to diagnose or exclude the presence of limb 


reduction deformities, especially in the presence of 


lethal skeletal dysplasias and syndromes in which 
short limbs are associated with multiple defects such 
as the Ellis van Creveld Syndrome. 

Measurement of limb lengths may be used as an 
indicator of these syndromes and if they can be 
reliably measured before 20 weeks gestation it may 
permit termination of affected pregnancies. There 
have recently been several reports in the literature 
describing limb length measurements by ultrasound 
(Mahoney and Hobbins, 1977; Mladinov and 
Krzisnik, 1977; Hobbins and Mahoney, 1980; 
Queenan ef al., 1980), all of which have quoted 
fairly wide normal ranges. Previous studies based on 
post-mortem material have also quoted wide normal 
ranges, since the fetal gestations have not been 
accurately known (Nagamori et al., 1965). 

We felt that it was necessary to try to establish a 
narrower normal range to permit the confident 
diagnosis or exclusion of limb shortening in cases 
such as those with Ellis van Creveld Syndrome 
where the amount of length reduction is limited. 

We have therefore performed a study to establish 
normal ranges for the length of limb bones on 
patients with accurately known gestational ages and 
to confirm which component of the limb bone is 
being measured. 


METHOD 

A pilot study was performed on 38 patients 
between 16-20 weeks gestation, using a manually 
operated static B-scanner, and it soon became clear 
that a real time scanner with a frame freeze facility 
was necessary in order to obtain clear pictures of the 
whole length of the fetal limbs, which are often very 
mobile. 


An accurate caliper system is a necessary feature of 


the real time system, and its accuracy should be 
checked with a phantom to ensure that measure- 


accurate in all directions and at all 
magnifications. 

One third of our obstetric population attend the 
ultrasound department for a routine ultrasound scan 
between 16-20 weeks of gestation, and the main 
study was performed on 111 of these patients. 

Limb length measurements were only taken on 
those patients where the BPD measurement agreed 
with the gestation calculated from the patient’s LMP 
to within one week; by this means errors due to 
gestational age uncertainty were minimized. The 
same method of patient selection was used in the 
study performed by Queenan et al. (1980). 

We attempted to reproducible 
measurements on each limb bone, although it was 
not always possible to obtain separate measurements 
of each of the distal bones; in these cases just the 
tibia or ulna was measured. Bv trving to obtain 
reproducible measurements, errors due to movement 
and obliquity of the bones were minimized. Using 
one of the modern real time scanners (with a 3.5 
MHz linear array transducer) it is usually fairly easy 
to recognize the separate limbs and bones within 


ments are 


obtain three 


them. Each bone is scanned until the whole length is 
visualized. The resultant image is frozen and the 





Fic. 1. 


Scan demonstrating correct appearance of a humerus. 
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Fic. 2 
fe. * 


Scan demonstrating an oblique section of the same 
humerus. 


caliper markers positioned carefully on each end of 
the bone. The measurement obtained is noted, and 
the whole procedure repeated until a satisfactory, 
reproducible measurement is obtained. Both ends of 
each limb bone should appear square (Fig. 1); a 
pointed appearance (Fig. 2) indicates an oblique 
section which will result in an underestimate of bone 
length. Movement artefacts are easily recognized, as 
the image of the limb bone on the frozen picture is 
not the same as the real time picture seen immedi- 
ately before. 

As well as movement and obliquity artefacts, 
which are common to all the bones, there are speci- 
fic errors associated with the measurement of each 
limb component. It is usually easiest to obtain 
adequate views of the femur, as its range of move- 
ments are the most limited and the pelvis and tibia 
are easily identified as separate structures. The tibia 
is more mobile and occasionally it is difficult to 
distinguish its lower end from the talo-calcaneal 
complex. We have found that the humerus was the 
bone of which it was most difficult to obtain adequate 
images. It is often difficult to differentiate the 
proximal end from the scapula, and if the arm is 
extended it may be difficult to obtain clear images of 
the distal end. Fetuses frequently lie in the occipito- 
lateral position, and one humerus is therefore in the 
near field of the transducer, where the resolution is 
relatively poor and the distal humerus lies behind 
the fetus and the penetration of a 3.5 MHz trans- 
ducer is not adequate to obtain good quality images. 
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TABLE I 
FREQUENCY OF IMAGING THE DIFFERENT LIMB BONES IN 111 


















PATIENTS 

Femur 100 

Tibia 80 7295 
Fibula 16 14°, 
Humerus 96 86°. 
Ulna 81 7395 


Radius 34 


TABLE 1I 


CORRELATION COEFFICIENTS (r) 


LIMB 
WITH BPD AND GESTATION CALCULATED FROM LMP 


FOR BONE LENGTHS 


BPD 
0.96 
0.96 
0.97 
0.96 
0,95 
0.95 


Femur 
Tibia 


Fibula 
Humerus 
Ulna 
Radius 





The problems associated with the forearm are the 
same as those for the tibia. 

The final measurements we accepted were not 
necessarily the longest or the shortest, but those we 
considered to fulfil all the above criteria. 

Scattergrams were plotted to find out whether or 
not the data were normally distributed and to assess 
the linearity of the correlation. The data were then 
analysed to determine whether the limb lengths 
correlated better with the BPD measurement or the 
gestation calculated from LMP. 'The normal ranges 
for the individual limb bones were then calculated. 

In order to determine if there was any difference 
between the mean lengths of the different bones, the 
means -+ 2 SEMs (standard error of the mean) were 
calculated for each bone and the significance of the 
difference between the means was tested. 

In order to determine which portion of the bones 
was being imaged we performed a small study in 
which the limbs of six aborted fetuses were scanned 
in a water bath, and X-rayed by a technique which 
reduced the magnification to less than 1%. The 
length of the ossified portion of the diaphysis was 
measured from the radiographs. 


RESULTS 
Thirteen separate limb bones were measured on 
the aborted fetuses and the measurements obtained 
by ultrasound and X rays agreed to within | mm in 
all cases (mean error 0.54 mm). 
One hundred and eleven patients entered the 
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main portion of the trial. The frequency with which 
adequate measurements were obtained from the 
individual limb bones is shown in Table I. The 
scattergrams did not give any indication that the 
data departed significantly from normal distribution 
and the correlation appeared to be essentially linear. 
The degree of correlation. between limb bone 
measurements and BPD or gestation from LMP was 
assessed by calculating the appropriate correlation 
coefficients (Table II). From this table it can be seen 
that limb bone lengths correlate more closely with 
BPD than with gestational age calculated from the 
patient’s LMP. For this reason the normal ranges 
were calculated with respect to BPD only. 

The mean values, + 2 SEM, for the different 
limb bones are shown in Fig. 3. Not enough 
measurements were obtained from fibulae and radii 
to permit meaningful statistical analysis. It can be 
from Fig. 3a that the tibia is consistently shorter 
than the femur; the difference between the means is 
statistically highly significant for a BPD range of 
30-47.5 mm (p < 0.001). The ulna is also consis- 


the mean lengths of the femora and humeri and no 
significant difference was detected. The ulnae were 
marginally longer than the tibiae but the difference 
between the mean length only reached statistical 
significance at a BPD of 36 mm (5—0.046). 

The normal ranges for femora, tibiae, humeri and 
ulnae are shown in Fig. 4. 


DISCUSSION 

Our X-ray study confirmed that ultrasound scan- 
ning images only the ossified portion of the diaphysis. 
This is of particular importance when attempting to 
verify the ultrasound measurements by direct 
measurement of post-mortem material. The normal 
ranges quoted by Hobbins and Mahoney (1980) are 
based upon post-mortem measurement of whole 
bone lengths, and it is difficult to understand why 
these measurements correlate with the authors’ own 
ultrasound measurements. Almost all other post- 
mortem studies have measured the length of the 
whole bones on fetuses of uncertain gestational age, 
frequently grouped in increments of one month's 
gestation. It is therefore essential to establish more 
accurate normal ranges for ultrasound measure- 
ments, 

In order to obtain satisfactory measurements of 
limb bones, it is necessary to use a high-resolution 
linear-array real time scanner with a 3.5 or 5 MHz 


transducer, a frame freeze facility and an accurate 
omnidirectional caliper, 

Most measurements were obtained on femora and 
humeri as they were less mobile than the distal limbs 
and it was technically easier to obtain satisfactory 


mm 40 





30 40 50 60 
BPD (mm) 


A 


mm 40 





30 40 50 60 
BPD (mm) 
B 
Pic. 3. 
Mean values + 2 SEM for (A) femur and tibia and (B) 
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Fig. 4. 
Normal ranges (+ 2 SD) for (A) femur, (B) tibia, (c) humerus and (D) ulna. » indicates number of measurements at each 
interval. 
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images of the femur. Fewer measurements were 
obtained on the fibulae and radii as they are the more 
difficult bones to scan adequately, firstly because 
they are so mobile and secondly because of shadow- 
ing from the tibiae and ulnae respectively. Measure- 
ments taken before 16 weeks are technically not easy 
because of the small size of the fetal limbs and we 
have only 14 measurements taken between 15 and 16 
weeks. 

The decision to plot limb lengths against BPD 
rather than against gestation calculated from LMP 
clearly has a significant effect upon our normal 
range. In a separate study conducted in our depart- 
ment we found that the gestation calculated from 
ultrasound BPD measurement disagreed with that 
from LMP by more than seven days in over 149; 
of patients. The subsequent obstetric courses of 
these patients suggested that the ultrasound assess- 
ment of gestational age was more accurate than that 
from LMP. 

Gestation calculated from LMP may contain 
errors due to mistaken dates, length of cycle and 
early or late ovulation; this therefore precludes the 
use of LMP-calculated gestation as the reference for 
limb lengths. This argument is supported by the 
fact that in this study the correlation coefficient for 


Book reviews 


Clinical Ultrasound Review. Vol. 1, Ed by F. Winsberg, pp. 
348, 1981 (John Wiley and Sons, New York), £20. 
ISBN 0-471-05738-X 

"This is the first in what promises to be an annual series of 
reviews of recent world literature on diagnostic ultrasound. 
Unlike many other similar reviews, this is not a collection 
of review articles but is compiled from a series of short ab- 
stracts of papers culled from the recent world literature. 
Many of the original illustrations have been reproduced and 
the quality of these reproductions is generally satisfactory. 
In addition to the abstracted text the editor has inserted his 
own comments at the foot of many papers and these are 
generally interesting and occasionally amusing. 

The book is divided into four sections covering abdominal 
ultrasound; obstetrics, gynaecology and perinatal ultra- 
sound; cardiac ultrasound; and Doppler. The index is satis- 
factory, thus enabling the reader to identify papers on the 
field of particular current interest, and my only major 
criticism is the total lack of references. The alternative style 
of inviting substantial review articles in such a book is 
probably rather less digestible but does at least give the 
reader a series of useful references to continue his reading 
should he so wish. 

Despite these reservations the book can be highly recom- 
mended to all those actively involved in clinical ultrasound, 
since it enables one to review in a short space of time many 


limb length against BPD was better than that for 
limb length against LMP. 

The significant difference between the mean 
values for the individual limb bones indicates that 
separate normal ranges are necessary for each bone. 
If a single graph were used, a femur or humerus that 
was 20°, shorter than normal would still fall within 
the normal range. The use of separate graphs would 
permit this amount of shortening to be detected. 
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of the significant papers published during the last year or so. 
With the continuing rapid increase in the number of ultra- 
sound papers published such review books are likely to play 
an increasingly important role in the future and I anxiously 
await volume 2. 


H. B. MEIRE. 


An Introduction to Diagnostic Ultrasound. By Michael B. 
Love and Marc S. Lapavowker, 1981 (Charles C. Thomas, 
Springfield, HL, USA), $18.75. 
ISBN 0-398-04136-9 

This short book is written with medical students in mind 
and illustrates some classic ultrasound findings. It is quickly 
read. Its claim to encompass "all recent technological 
advances" is rather ambitious but the physical principles are 
simply explained. The illustrations are “black-on-white”’ 
with adequate legends. There are some explanatory draw- 
ings. | wonder at the value of such an extensive list of 
references included in what is a short introduction into a 
subject. 

Radiologists and ultrasonographers will, I believe, find it 
too superficial and of limited value. 


A. B. AYERS. 
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Ultrasonic Laboratory, Departments of Oncology and Gastroenterology, Herlev Hospital, University of 


Copenhagen, DK-2730 Herlev, Denmark 
(Received October 1980) 


ABSTRACT 

A new method for ultrasonically guided percutaneous 
interstitial implantation of !%I seeds in abdominal tumours 
is described. A linear array puncture transducer mounted on 
a special x-y-2 co-ordinate frame is used in combination 
with a special insertion technique. Following im vitro 
experiments the technique was applied in two patients with 
pancreatic cancer. There were no immediate complications 
after the implantation of 36 and 37 !??] seeds. 


Implantation of radioactive material in tumours was 
invented in 1901 by Pierre Curie, who used the 
newly-discovered radium. Since 1965 1!?5] seeds 
(Fig. 1) have been used. The cylindrical seeds have 
dimensions of 0.8 x 4.5 mm, a half-life of 60 days 
and a half-value thickness in tissue and lead of 2 cm 
and 0.025 mm respectively. The rapid fall-off of dose 
from an implant consisting of 14 seeds is demon- 
strated in Fig. 2. 

The long half-life and low energy of 1°51 seeds 
have several radiobiological advantages. The radia- 
tion hazard for members of the family and for 
personnel is reduced to insignificant levels. The 
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A 125] seed with its dose distribution indicated. 


seeds are usable for long periods of time and can 
therefore conveniently be ordered at fixed intervals 
and stored until use. The seeds are usually applied as 
a permanent implant in the tumour. 

The advantage of a 125] seed implant over external 
radiation therapy in deep-seated cancer is the higher 
total tumour dose which is delivered more precisely 
and at a low dose rate. There is a lower dose to the 
normal tissue and thus a higher therapeutic ratio. 
Furthermore, the radiation dose is delivered and the 
treatment completed in one single session, as oppos- 
ed to multi-fractionated external beam therapy 
which may take six weeks. This is of great value both 
from an economic and a psychological point of view. 

Generally speaking, interstitial implantation is the 
treatment of choice for unresected cancers which are 
not so widespread, fast-growing or highly radio- 
sensitive as to make external X-ray therapy or 
chemotherapy preferable (Hilaris, 1975). 





Fi. 2. 


Autoradiograph of an implant consisting of 14 seeds, 
demonstrating rapid fall-off of dose. 
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Implantation of !? 


?] seeds in deep-seated lesions 
has until now required surgical procedures. Even 
minor surgery must be considered a disadvantage of 
this technique since it adds further strain and risk to 
the patient. Furthermore, precise, uniform place- 
ment of the seeds is very difficult to obtain Dy 
surgical implantation 

The purpose of the present work is to describe a 
new technique for guided percutaneous permanent 
implantation of seeds 


[ ECHNIQUI 
\ dynamic linear-array puncture transducer is 


mounted on a specially designed Y-V-2 co-ordinate 





frame which allows precise selection of a precalcu- 


Fic. 3 lated series of parallel scans through the tumour 
Dynamic linear-arras puncture transducer mounted on an (Fig. 3). l'he volume of the tumour is determined on 
*-y-2 co-ordinate system for precise ultrasonically guided the basis of th« ultrasound scans. Mter calculation of 


needle placement. A “test tumour" is placed in a watei 


: total activity and arrangement, a proper number of 
phantom under the transducer. \ needle is reads tor 1ntro- e 


duction seeds spaced by small pieces of chromic catgut are 





Fic. 4 


The Let hnique o1 seed implantation. 
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loaded in a series of 1.2 mm (gauge 18) needles 
which have a small piece of inert silicone rubber in 
the needle tip to prevent the seeds from dropping 
out. Stylets are carefully inserted, and the needles 
are placed in a special shielded holder and sterilized. 
Guided by dynamic scanning the needle is inserted 
into the tumour until its tip reaches the far wall as 
measuring device 


determined by the electronic 


(Fig. 4). A stopper is rotated into position on top of 


the stylet. The needle is then withdrawn over the 
stylet thereby releasing the seeds inside the tumour. 
The needle and stylet are then removed. The pre- 


calculated number of needles is inserted parallel to 








Fic. 5. 


(4) Radiograph of the test tumour viewed from above. The 
seeds are evenly distributed in this plane. 


(B) The test tumour transected along one of the scan planes. 
The "seeds" are seen spaced by pieces of chromic catgut. 
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each other in each plane, whereupon the procedure 
is repeated in the next parallel plane. 


In vitro experiments 
The technique has been tested in vitro with 4 
3x4 


phantom substituting an intra-abdominal tumour 


5 cm piece of liver tissue in à water 


e.g. à pancreatic cancer (Fig. 3). A radiograph of the 
test tumour revealed a satisfactory, even and precise 
placement of the “dummy seeds" inside the test 
object (Fig. 54). Figure 5B shows the test tumour 


transected along one of the scan planes. 


Clinical application 

Recently a similar procedure was carried out 
percutaneously in two patients with inoperable 
tumours in the pancreas (Fig. 6). The procedure was 
under local anaesthesia after sedation 
Stesolid”. time 
coagulation time were normal in both cases. 


carried out 


with intravenous Bleeding and 





FIG. 6. 


Ultrasonically-guided percutaneous interstitial implantation 
of 1#] seeds in a patient. 
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Case REPORTS 
Case 1 

A 74-year-old woman had Verner Morrison syndrome 
caused by a vasoactive intestinal peptide-producing tumour 
in the tail of the pancreas. ‘The tumour measured 2.5 3.93 

5 cm (Fig. 7) and liver metastases were present. Ultra- 
sonically-guided fine-needle aspiration biopsy from the 
tumour showed malignant cells. For three years the patient 
had periodically suffered from severe diarrhoea with a large 
loss of fluid. Cytostatic treatment and embolization of the 
hepatic artery had controlled the diarrhoea temporarily. 
Because of recurrence of watery stools it was decided to 
attempt interstitial radiotherapy. Under ultrasonic guidance 
36 1°51 seeds were implanted in the deeply located tumour 
using eight transhepatic punctures (Fig. 8). The procedure 
took 20 minutes and there were no immediate complica- 
tions. Radiographs in two planes of the abdomen showed 
that 28 seeds were located closely together, presumably 
inside the tumour, while eight seeds were located adjacent 
to the anterior part of the tumour. 

The patient’s diarrhoea stopped the day after the implan- 
tation and she has done well during two months’ observa- 
tion. A radiographic study three weeks after the implanta- 
tion showed a slight shrinking of the tumour. 
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Longitudinal ultrasonic scan of tumour in the 
pancreas, 


Fic. 7. 


tail of the 


H. Hansen and F. Stadil 


Case À 

A 55-year-old man had epigastric pain and 
Im iundice. Percutaneous transhep: itic cholangiography show- 
ed stenosis in the lower portion of the common bile duct. 
Ultrasonic scanning demonstrated a3 x 4 5.5 cm solid 
lesion in the head of the pancreas (Fig. 9). An ultrasonically 
guided puncture from the lesion revealed malignant cells. 
At operation an unresectable cancer was found in the head of 


severe 


the pancreas. There were no liver metastases. A chole- 
dochojejunostomy was performed. Post-operatively the 
patient had severe epigastric pain and two weeks after 


surgery interstitial radiotherapy was decided upon. Thirty- 
seven !??[| seeds were implanted, using 14 ultrasonically 
guided percutaneous punctures. The patient experienced 
some pain during the procedure but no complications 
occurred. A radiograph showed a satisfactory distribution of 
all the seeds (Fig. 10). 

‘Three days later the patient was discharged from the 
hospital and the tumour response will be monitored by 
ultrasonic scanning and plain radiography. 


DISCUSSION 

Interstitial radiation therapy (interstitial brachy- 
therapy) with !?5] seeds has obvious advantages 
when compared with external radiation therapy. The 
optimum conditions for this kind of therapy are that 
the tumour should be localized and less than 7-10 
cm in size, with a slow growth-rate and low to 
moderate radiosensitivity. 

However, the use of brachytherapy in the abdo- 
men has previously demanded surgical intervention 
and the technique of peroperative insertion of the 





8. Case 1. 
radiograph (AP view) with interstitial !*^] implanta- 
tion in tumour in the tail of pancreas. 


Fic. 


Plain 


668 


AvcusT 1981 


Ultrasonically guided percutaneous interstitial implantation of iodine 125 seeds in cancer therapy 


a 


siepe - Ai" a aem pn Mem 
My wy a LE ! l i 





Fic. 9. Case 2. 


Transverse ultrasonic scan of a cancer in the head of the 
pancreas. |, tumour; 2, inferior vena cava; 3, aorta. 


seeds is difficult. Especially in the type of cancer 
patients in question, it would be a definite advantage 
to avoid the strain of an operative procedure 


requiring further hospitalization. The intention of 


the present work has been to develop a gentle 
brachytherapy technique which does not require 
surgery. 

In abdominal 
indicated, it is almost always possible by ultrasonic 
scanning to outline the tumour (Holm et al., 1980). 
Furthermore, over ten years' experience with more 
than 3000 ultrasonically guided punctures of almost 


cases where brachytherapy 1s 


any puncture target in the abdomen has proved that 
this can be performed with a high degree of accuracy 
and almost without risk (Holm and Kristensen, 
1980). These two circumstances led to the develop- 
ment of the present percutaneous ultrasonically- 
guided method for implantation of radioactive seeds 
in tumours, particularly in the abdomen. 





( "ase 2. 


Fic. 10. 


Plain radiograph with interstitial !*?] implantation in cancer 
of the head of the pancreas. In the upper left corner are a 
number of surgical clips. 


It is notable, but not surprising, that no im- 
mediate complications occurred even though eight 
needles were introduced transhepatically in the first 
case and 14 through the gastrointestinal canal in the 
second. 

The seed-implantation system which has been 
developed is very suitable for abdominal tumours 
which are not covered bv ribs. Needle insertion in a 
cephalad angle is, however, possible to some extent. 
A sector scanner with puncture attachment used in 
combination with a co-ordinate system may prove 
more suitable for this purpose because its smaller 
contact area in some cases (e.g. intercostal approach) 
makes access easier. Furthermore, the oblique intro- 
duction of the the feld will 
facilitate visualization of the needle and seeds, which 


needle into sound 
were not very well demonstrated with the present 
technique. 

The percutaneous technique for implantation of 
seeds can also be used in conjunction with CT 
scanning. This, however, seems to be less suitable as 
a puncture guide for several reasons. It is time- 
consuming, the needle is not monitored during its 
insertion, oblique cephalad and caudad insertion is 
impossible, it is not a real-time technique, 7.e. organ 
and target movements may cause errors, and finally 
it is expensive. If, however, the tumour is hidden by 
a gas-filled gastrointestinal tract, CT scanning can be 
the method of choice. 

Abdominal tumours 
brachytherapy may be cancers in the pancreas, the 


suitable for percutaneous 


liver, the retroperitoneal space or the internal female 
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genitalia, as well as recurrence after, e.g., nephrec- 
tomy for renal cancer. 

Although too much optimism is not justified for 
most of these patients, improved survival rates after 
brachytherapy have been clearly demonstrated by 
Hilaris (1975) in pancreatic cancer. The endocrine 
gastrointestinal tumours may be of particular 
relevance in this context because they are slow- 
growing and mortality is often dominated by the 
results of the hypersecretory states. Percutaneous 
implantation of radioactive seeds offers a new chance 
of palliation by inhibition of the excessive hormone 
release. 

General principles in brachytherapy such as dose 
calculation and radiation protection are not covered 


Book reviews 


Ultrasonically Guided Puncture Technique. Edited by H. H. 
Holm and ]. K. Kristensen, pp. 128, 1980 (Munksgaard, 
Copenhagen; Henry Kimpton, London), £11:55. 

ISBN 87-16—-8459-4 

This is a splendid, comprehensive, compact handbook on 
percutaneous biopsy and imaging techniques guided and 
controlled by means of ultrasound. The work is based on 
lectures given at the well-known courses organized at 
Herlen Hospital in Copenhagen. 

'The book is full of good advice and the various techniques 
are well described. The risks and limitations of the methods 
are well discussed and the applications and results fairly 
presented. The illustrations are good, but labelling of the 
transverse scan of Fig. 1.25 has been omitted. However, the 
appearances are self explanatory and the pathology easilv 
recognizable. 

The scope of the book covers abdominal ultrasound 
anatomy and pathology, physical principles of ultrasonically 
guided puncture techniques, procedure, cytology, bacterio- 
logy, amniocentesis, cytochemistry and cytoimmunology. It 
is excellent value for £11-55 and highly recommended to all 
medical persons directly involved in the management of 
patients with ultrasonically demonstrable abnormalities of 
uncertain histology. 

H. I. GnavELLE, 


Cases in Diagnostic Ultrasound. Vol. 1. Ed. by George R. 
Leopold, pp. 206, 244 i11.,1980 (John Wiley & Sons, New 
York/Chichester/Brisbane/Toronto), £13-50. 
ISBN 0-471087319 

For the last five years, the Los Angeles Radiological 
Society has held a Spring Diagnostic Ultrasound Con- 
ference. This has proved to be very popular. Small group 


in this report since they have previously been very 
well reviewed (Hilaris, 1975). 


Note AppED iN PROOF 
Five additional patients have been treated using the 
technique described (maximum: 73 seeds/18 punctures). 
No complications have been registered. 
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discussions led by nationally prominent and local ultra- 
sonographers and centred around cases in the workshop 
syllabus are a feature of the Conference. This volume records 
the workshop syllabus for the 5th conference, selected to 
provide a comprehensive and current overview of the feld 
of diagnostic ultrasonic imaging. The original group dis- 
cussion which took place when each case was presented is 
left to the imagination of the reader. A very brief history of 
each case is given on one page together with the illustrations 
of the chosen ultrasonic scans. Over the page is a short 
description of the scans, a discussion and the diagnosis. Each 
case is accompanied by a relevant bibliography which is an 
excellent feature of the text. The cases are divided into six 
chapters on basic abdominal, basic obstetrics and gynae- 
cology, liver and biliary tract, pancreas and spleen, retro- 
peritoneum and kidney, and finally advanced obstetrics and 
gynaecology, each compiled by a different contributor, The 
cases are well chosen to illustrate the simple, the not so 
simple through to the exotic. The range is wide, 105 cases 
being presented. The quality of the illustrations is excellent 
if allowance can be made for the frequent confusion in- 
herent in publications from the USA in which some illustra- 
tions are printed positive and others negative. A sound 
knowledge of ultrasonic interpretation is assumed, the 
reader having to rely on his/her skill to see the features in 
the illustrations which are described in the text. The dis- 
cussion on each case is generally adequate and relevant and 
correlation with other diagnostic methods is considered, 
albeit superficially. 

Most readers will find these cases interesting and instruc- 
tive. It is the reviewer’s opinion, though, that this publi- 
cation is more suited to the departmental or hospital library 
than the individual radiologist's personal library. 

F. G. M. Ross. 
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A catheter system for the safe and efficient delivery of tissue glues 


(bucrylate) for visceral embolization 
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A number of different materials are used for trans- 
catheter embolization because no single substance is 
suitable for all situations (Berenstein and Krischeff, 
1979). In general, it should be possible to control the 
depth of vessel penetration and to avoid remote 
embolization or reflux. The material should have 
low histo-toxicity and be easy to deliver. In addition, 
liquid emboli need to have low viscosity to pass 
easily through fine catheters; to be radio-opaque, 
produce permanent occlusion, have a short setting 
time and not adhere to the delivery catheters. 





Fic. 1. 


Opacified bucrylate was injected through a coaxial catheter 
without flow control. The catheter tip was placed in a 
segmental renal artery well beyond the division of the main 
renal artery (large open arrow). Opacified bucrylate is shown 
in almost the entire length of the main renal artery (vertical 
arrows) and in the abdominal aorta around the guiding 
catheter (horizontal arrows). Reflux embolization was 
observed on several occasions when no flow control was 
used. 


M E A M — 


This publication is based on a paper presented at the 3lst 
Annual General Meeting of the Royal Australasian College of 
Radiologists in October, 1980. 


Address for reprints: Dr. T. M. H. Chakera, Department of 
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Bucrylate (isobutylcyanoacrylate) fulfils, or can be 
made to fulfil, these conditions. As it is difficult to 
handle, preliminary laboratory and animal studies 
are essential. Complications are caused by reflux of 
emboli or excessive penetration of the capillary bed 
(White et al., 1977; Greenfield et al., 1978; Lancet 
editorial, 1978). Our animal study shows that 
circulatory flow control is highly desirable when 
using liquid emboli (Fig. 1). 


MATERIALS AND METHODS 

We used a circulatory model to show that a 1:1 v/v 
suspension of bucrylate and Pantopaque (iophend- 
late) is suitable for trans-catheter embolization. This 
suspension is homogeneous and stable and sufh- 
ciently opaque to be visualized on fluoroscopy, and 
its viscosity is low enough for delivery through fine 
catheters. Pantopaque facilitates the delivery of 
bucrylate by retarding its polymerization (Cromwell 
and Kerber, 1979). 

A catheter system (Fig. 3) was designed incorpo- 
rating a balloon for flow control, and was assessed 
using the renal and visceral vessels of dogs. The 
system consists of a thin flexible double lumen 
balloon catheter which is coaxially introduced 
through a preshaped polyethylene guiding catheter. 
The coaxial balloon catheter unit (Fig. 2) is 80 cm 


ee — o 


A - CATHETER 


B CATHETER TIES BALLOON 


FIG. 2. 
Balloon catheter unit. Catheter A: 1 French polyethylene; 
Catheter B: 3 French Teflon tubing. 
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Fic. 3. 


Assembled catheter arrangement. (1) The balloon and tip of 
balloon catheter unit introduced coaxially through the 
guiding catheter. (2) The guiding catheter. (3) Teflon 
introducer sheath. (4) Y connector attached to introducer 
sheath. The straight limb allows the introduction of the 
guiding catheter. The side arm is used to flush the sheath 
intermittently with heparinized saline. (5) Y connector 
attached to the end of the guiding catheter. The straight 
limb is used for the introduction of the balloon catheter unit. 
The side arm is used for the intermittent perfusion of 
heparinized saline into the guiding catheter. (6) 1 ml syringe 
containing contrast medium for balloon catheter. (7) 1 ml 
syringe containing opacified bucrylate. (8) Two. way tap 
used to keep balloon inflated. 


long and consists of an inner | French polyethylene 
tube inserted through an outer 3 French Teflon 
tube. The balloon is formed by a short length of 
0.12 mm diameter medical-grade silicone tubing, 
one end attached to the polyethylene and the other 
end to the Teflon. The clearance between the 
catheters provides a lumen for the control of balloon 
inflation. ‘The inner catheter is used for test injections 
of contrast media and for the delivery of tissue glues. 
The preshaped guiding catheter, through which the 
balloon catheter unit is introduced, is 6.5 French 
polyethylene. It can be readily steamed over a 
forming wire into any desired shape. A Teflon 
sheath (Cook) is used to facilitate a rapid exchange of 
the guiding catheters. Before the balloon catheter 
unit is introduced, the lumen of the 3 French Teflon 
catheter is filled with Conray 420, to get rid of air 
bubbles which might burst the balloon. The silicone 
balloon and catheter tip are lubricated with silicone 
fluid to prevent the bucrylate from sticking to the 
balloon. 

The bucrylate/Pantopaque suspension is prepared 
in the 1 ml syringe. All air is expelled from the 
syringe after the Pantopaque has been drawn up; 


the drawing-up needle is filled with Pantopaque 
before drawing up the bucrylate to ensure that no 
residual air is left in the syringe, so preventing any 
loss of bucrylate in attempting to eliminate air. 
Protective goggles and gloves are worn at all stages 
when using bucrylate, because if the syringe is 
disconnected from the catheter while injecting the 
suspension the bucrylate squirts everywhere. The 
chance of accidental disconnection when using fine 
catheters can be much reduced by first rehearsing 
injection with Pantopaque before attempting it with 
bucrylate. 

The femoral artery of an anaesthetized dog is 
dissected and punctured under direct vision using a 
modified Seldinger technique. A 6.5 French Teflon 
introducer sheath (Cook) is then inserted. The tip of 
the guiding catheter is placed in the origin of the 
artery, by the usual catheterization techniques. The 
balloon catheter is now introduced through the 
guiding catheter. By a combination of catheter 
manipulation and partial balloon inflation, the 
balloon catheter is advanced until the catheter is in 
the right place. The balloon is inflated to achieve 
flow control. A measured volume of contrast 
medium is then injected through the lumen of the 
| French tubing; the degree of vascular filling 
produced is assessed fluoroscopically and the volume 
of bucrylate needed to penetrate the vessel satis- 
factorily is measured. 

After deflating the balloon, and irrigating the 
lumen of the 1 French tubing with heparinized 
saline, the lumen is irrigated and left filled with 5^; 
dextrose. This ensures that the catheter lumen, 
through which the bucrylate is to be injected, is 
purged free of all ionic material (blood, contrast 
medium, saline). The balloon is now reinflated and 
the volume of opacified bucrylate, equal to the sum 
of the dead volume of the catheter and measured 
volume, injected. The balloon is deflated and the 
catheter unit removed after radiography. The 
embolized kidney and main renal artery are removed 
and radiographed on fine detail film. Any reflux 
embolization and the degree of vascular penetration 
are easily assessed. Further examples of segmental 
renal artery embolization, main renal artery embo- 
lization and visceral artery embolization are shown 
in Figs. 4 and 5. 


RESULTS 
A total of 16 renal arteries and eight visceral 
arteries have been embolized. No catheter has glued 
in situ and no reflux embolization has taken place. 
Histological study has demonstrated intra-arterial 
placement of the bucrylate when flow control is used. 
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Fic. 4. 


Opacified buecrylate is shown in the upper pole renal 


arteries. The balloon. inflated with contrast medium, is 
shown i situ, preventing any reflux embolization, 


Without flow control, the presence of tissue glue in 
glomerular capillaries and venules is evident, indi- 
cating excessive vascular penetration. 

On several occasions the balloon catheter was 
deliberately glued in situ by not lubricating the 
balloon and injecting excessive amount of tissue 
glue. In this situation the catheter unit is easily 
removed by hyperinflating and rupturing the bal- 
loon, thus leaving a portion of the silicone balloon 
in situ. No vascular rupture was detected on sub- 
sequent dissection of the vessels. 


ACKNOWLEDGMENTS 


We wish to thank the Department of Diagnostic Radiology 
Trust Fund of Royal Perth Hospital for funds made available 
for this project, the members of the Research Centre for 


assistance and the Pathology Department for the histological 





Fic. 5. 


The main renal artery has been embolized with opacified 
bucrylate and the balloon catheter unit has been removed. 
Bucrylate is shown in the distal main renal artery and some 
segmental branches. The flush aortogram demonstrates the 
origin and proximal segment of the renal artery to be patent. 
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Single-photon emission tomographic imaging sub- 
divides into two classes of technique: transverse- 
section computed tomography and longitudinal- 
section tomography. Longitudinal tomography can 


be achieved by combining a gamma camera with à 
spatially or time coded aperture or with a seg mented 
multiple-pinhole collimator (Budinger, 1980). Longi- 
tudinal imaging using the latter type of collimator 
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generates spatially distinct camera images. The 
reconstruction of longitudinal sections from such 
non-overlapping images does not necessitate decod- 
ing of an aperture function. Instead, reconstruction 
proceeds by iteration and, in principle, provided 
criteria for depth resolution are met, complete 
decoupling of reconstructed planes (blur-free imag- 
ing) results. For identifying lesions the absence of 
blurring artefacts is a great advantage over coded 
aperture imaging in which it is difficult to completely 
decouple planes (Webb ef al., 1978); additionally, 
multiple-pinhole tomography can quantitatively map 
out the uptake of a radionuclide in organs and 
tumours, To date several workers, notably including 
Vogel et al. (1978, 1979), have concentrated on the 
development and application of a seven-pinhole 
aperture for myocardial imaging. Limited by a very 
small field of view, the seven-pinhole aperture has 
not found wider application in nuclear medicine. In 
this note an imaging technique based on the use of an 
aperture comprising three pinholes arranged in a 
triangle is proposed which overcomes this limitation 
and can lead directly to an extension of quantitative, 
completely decoupled, longitudinal tomography into 
other important fields of nuclear medicine. 

In this note the physical reasons underlying this 
choice of multi-pinhole aperture are presented and 
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Fig. 1. 


Three circular image fields tessellated on the camera plane. 
Symbols are defined in section 2. Li, Le, Ls are positions of 
lead dividers to exclude anv scattered radiation. 


its imaging characteristics are described. An aperture 
is in course of construction and experimental results 
will be presented in a future paper. 


SELECTION OF 'l'HREE-PINHOLE APERTURE 

lhe number N of pinholes and their geometric 
arrangement on an aperture plate is governed by the 
tessellation of the N distinct image fields within the 
sensitive circular crystal area of the gamma camera. 
For example, three pinholes arranged on an equi- 
lateral triangle and separated from each other by a 
distance w on the aperture plate enable three circular 
image fields to be tessellated on the crystal face as 
shown in Fig. 1. The centres of these fields, being the 
images of an axial point source at a depth P4 below 
the aperture plate, are separated by a distance a. 

Three square image fields whose sides are 
Safy? .. . . . (0) 
are fitted. within the circular image fields for con- 
venience of (x, y) digitization. The projections of the 
three square image fields through the pinholes all 
overlap at depth Pj to define a square field of view of 

area F? where 
aP SP 
v4/2 v 





and v is the distance between the aperture plate and 
the face of the sensitive crystal (Fig. 2). Simple 
geometry shows that the diameter, £, of the sensitive 
circular crystal area is related to a by 


f—(1--24/3)a--2.15a . . . (3) 
and that 


The fraction fa of crystal area occupied by the three 
square image fields is 


4 6 /a\? 
fa Se= ] =041. . . (5) 

Similar diagrams to Fig. 1 have been drawn for the 
image fields corresponding to four pinholes arranged 
on a square, five pinholes on a pentagon, six pinholes 
on a hexagon and eight pinholes on an octagon. In 
the latter two cases an additional central axial pinhole 
will generate an image field which can be fitted inside 
the other six or eight fields. Hence such seven and 
nine-pinhole apertures make unnecessary a con- 
sideration of the corresponding six and eight- 
pinhole apertures without the central hole. The 
seven-pinhole aperture is available commercially 
from several companies. For each of the above five 
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p circular image field 






camera /aperture 







1 st nkdie aperture pline 


first reconstracted 
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second reconstructed 
piane 


Fic. 2. 


Vertical section through AA! in Fig. 1 indicating geometrical 

relationships between image and object fields. The square 

image and object fields are fitted inside the circular fields 
shown. Symbols are defined in section 2. 


apertures the relationship between a and £ was 
established geometrically and is, of course, different 
from that in equation (3) for the three-pinhole 
aperture. (For the two apertures with a central hole, 
a means the width between images of those pinholes 
on the vertices of the appropriate polygon). Equa- 
tions (1), (2) and (4) are equally valid for these other 
apertures. In particular it is clear from equation (2) 
that both the areas of each image field and the area of 
the field-of-view are proportional to S,2. Table I lists 
the ratio t/a, the value of S? and the fractional 
crystal area utilised fa for the five multi-pinhole 
apertures considered. 


It is clear from Table I that as the number of pin- 
holes decreases the field of view of the camera 
increases. For example, the area of the field of view 
for a three-pinhole aperture is 1.93 times that of a 
seven-pinhole aperture for the same total crystal area 
(same t) and same geometrical configuration (same 
P, and «). In addition, provided the object to be 
imaged fills the field of view, the sensitivity of the 
camera is for any fixed distance of the object from the 
aperture is proportional to fa, the fraction of crystal 
area utilized, and not to the number of aperture 
pinholes. Hence with the three-pinhole aperture the 
camera is only 0.83 times as sensitive as with the 
seven-pinhole aperture and this small loss of sensi- 
tivity is not serious. Of course when imaging an 
object smaller than or equal in size to the field of 
view defined by the seven-pinhole aperture for 
example, the camera with the three-pinhole aperture 
would be only 3/7 times as sensitive as the camera 
with the seven-pinhole aperture. Since it is for large- 
field tomographic imaging that the three-pinhole 
aperture is being developed, this situation does not 
arise. 

The purpose of reconstruction is to generate M 
longitudinal square planes (object fields) of area F? 
at depths Pi, Ps... Pa... Py from three image fields 
on the camera such that the M planes span the 
emitting volume. The image fields are digitized into 
square pixels of area 9? and the object fields are 
reconstructed digitally using square pixels of area 
892. For pinholes considered to be mathematical 
points the planar resolution drm and depth resolu- 
tion 42m increase with depth and are dependent on 
the size of the camera image pixels.* For pinholes of 
finite size encountered in practice these resolutions 
will be degraded somewhat and will depend also on 
the pinhole diameter. The effect of a pinhole of finite 
diameter is to blur out information on the camera 
image. This blurring may have a more marked effect 
on resolution than that introduced by detector pixels 
of finite size. 





*Idealized formulae and proofs available on request. 


TABLE I 





Camera diameter — diameter 
of each image field 
(t/a) 


Number of 
pinholes 


(N) 


dy} poate tpn ar a MR Aa n EN a a arri i tm anauanga mos i AV p o ST aae eol Re A arreter rn A APY aU SUT m hri M er ama: 


Size of each Fraction of crystal area 
image field used for imaging 
(517) (fa) 


Jetta taam P ttt Nei A A Na n EN a ir a a i a ai a i a naa erri rer eer 85 e tara rrr er HH arnt ptum em rameter tet 


0.108t* . 


0.086t? 
0.069t? 
0.056t? 
0.038t? 


Geometrically established parameters for N-pinhole camera apertures. 
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When reconstructing from projections the ques- 
tion arises of whether there are enough projection 
data to determine the desired reconstruction solu- 
tions. Àn application of information theory indicates 
that, subject to the geometric criterion* 


t 


—————— 04.7 ee G 
(1 +- Py jv )^ 


three angle reconstruction. tomographv is over- 
determined. Since ¢ and 6; are determined by the 
camera, this reduces to a condition on vihi which is 
satisfied by practical values of P; and v. Hence the 
reconstruction of M longitudinal Panes from just 
three views 1s overdetermined. 


THE RECONSTRUCTION ALGORITHM 

The reconstruction technique is a composite of the 
two techniques reported by Vogel et al. (1978, 1979). 
The three image fields may be imagined to be back- 
projected through the three pinholes into the object 
space extending downwards to infinity. For each of 
the M object planes, the contribution to each pixel in 
each plane from the three image fields was deter- 
mined by intersection. These contributions were 
weighted by the factor e-"hiim to compensate for 
attenuation where Ajjm is the tissue path length 
between each (1, j}, m) object pixel and the cor- 
responding aperture pinhole and p is the narrow- 
beam linear attenuation coefficient of the radiation. 
Scatter rejection is assumed to be achieved elec- 
tronically in the camera. The three contributions 
thus weighted were then added reciprocally for each 
and every object pixel and re-inverted to give a first 
estimate of the M planes. Reciprocal addition is a 
useful tool for generating the first estimate since if 
any image pixel is empty it is known and mathe- 
matically established immediately that all object 
pixels connecting geometrically to this image pixel 
are zero. 

The first estimate does not represent the true 
object distribution, however, and must be refined 
RE The three pi of p M first E 


to account for attenuation. Subsequently the differ- 
ences between these pseudo-image fields and the true 
image fields are determined. 

From the "difference image fields", "difference 
object planes" are reconstructed as bove bv geo- 
metrically linking object planes and image fields 
except that the contributions to these "difference 
object planes" are formed by direct addition rather 
than by reciprocal addition. A fraction r of the M 


*Proof available on request. 


"difference object planes" is then added to the first 
estimate of the M object planes to establish the 
second estimate of the M object planes. The tech- 
nique then cycles iteratively. The fraction r of the 
difference object fields is termed the relaxation 
constant and the speed of convergence depends on 
the degree of relaxation. 


RESULTS FROM A COMPUTER SIMULATION OF THE 
IMAGING MODALITY AND SUBSEQUENT 
RECONSTRUCTION 

In order to demonstrate that three-angle recon- 
struction tomography can indeed yield quantitative 
sectional data the reconstruction technique de- 
scribed above was modelled computationally. The 
model indicates how well reconstruction can take 
place from noisy image data and what relaxation r 
should be applied. The latter is inherently related to 
the number of iterations performed. Clearly, if r is 
very close to zero a very large number of iterations 
will be necessary for convergence, even with noise- 
less data. Vogel ef al. (1978) indicate that about 10 
iterations are necessary with experimental image data 
but do not discuss relaxation; albeit the reconstruc- 
tion techniques they describe are also somewhat 
different. The speed of the technique described here 
is approximately | s per iteration cycle using a CDC 
7600 computer and a Fortran 4 coding. 


The relaxation constant 

Four planes at depths 15, 17, 19 and 21 cm were 
reconstructed from simulated images of point sources 
of activity in a background with a source to back- 
ground ratio of 2. The activity was assumed to lie 
uu n these planes. The camera parameters were 
9212.7 em. 

The optimum CORE of relaxation constant r was 
determined by investigating the mean b and 
standard deviation oy of the reconstructed data after 
100 iterations. These data for the plane at depth 
15 cm reconstructed from noiseless images are shown 
in Table TTA. For values of r<0.1 the iterative 
reconstruction monotonically converges with the 
speed of convergence decreasing as r decreases. For 
values of r larger than about 0.1 the iterations rapidly 
diverge, however. Hence the choice of r~0.1 
compromise between the need to optimize speed of 
convergence and the need to preserve that con- 
vergence and avoid divergence. Similar conclusions 
arise from inspecting the data in the other three 
planes. Additionally, inspection of the entire recon- 
ud ned Indie ates that reconstructions after 100 
are quantitatively almost 
identical m standard deviation closer to its true 
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TABLE II 








(A) Noiseless image data (B) Image data comprising 109 photons 
, Standard deviation > Standard deviation 

| Relaxation constant Mean in plane 1 in plane 1 Mean in plane 1 in plane 1 
| (r) (b) gp (b) gb 
i NOESEN BEEE, HERENNIUM MUERTE EE EE E aaa 
| 0.01 0.4938* 0.026 37 Q0.49491t 0.038 48 

0.02 0.4976* 0.02160 0.49881 0.03588 

0.04 0.4998* 0.01961 0.50114 0.03531 

x a 0.01923 0.5020t 0.03564 

. t 
0.5 I 4 
True object data 0.5007 0.01922 


Reconstruction of distributions of point sources of activity from simulated images, showing the need to choose the relaxation 


constant correctly. 

*Convergence at all cycles. 

+Initial convergence followed by weak divergence. 
IRapid divergence. 


value than 0.194) to the simulated object. If less 
accurate reconstructions were acceptable the number 
of iterations could be correspondingly reduced. 
Vogel et al. (1978) have suggested, for example, that 
iterations might be terminated after a 90% reduction 
in oy from its value at the first iteration. 

In the presence of noise in the image field the 
reconstructions initially converge with r« 0.1 and 
then diverge very slowly. Table IIB presents the 
corresponding results. Again a relaxation constant of 
the order of 0.1 gives the fastest convergence. For 
reconstruction from a noisy image the suggested 
technique is to terminate iteration as soon as the weak 
divergence begins. The iterative reconstruction 
technique establishes the mean accurately but clearly 
will not reconstruct the correct standard deviation 
because of noise propagation back into the object 
field. 


Dependence of reconstruction on noise 

For the same geometrical parameters and simu- 
lated object, the behaviour of relaxed reconstruction 
(with r-0.1) was determined with varying noise 


TABLE HI 


Mean in 
plane 1 


Standard deviation 
in plane 1 


Number of 
recorded photons 


in image 


(b) 
0.5007 
0.5013 
0.5020 


0.5025 
0.5049 


(av) 


0.01923 
0.023 70 
0.03564 
0.046 30 
0.095 23 





Reconstruction of distributions of point sources of activity 
from simulated images showing the effect of noise in the 
image (results are for 100 iterations and relaxation r — 0.1). 


contributions in the image. Table III] shows the 
mean 5 and standard deviation op of the data in 
plane 1 after 100 cycles of iteration. As anticipated 
the reconstruction has a higher standard deviation as 
the noise in the image fields increases. Again the 
mean is fairly accurately recovered. The behaviour in 
other planes is similar and by inspecting the entire 
set of reconstructed planes it 1s clear that serious 
artefacts arise only if the number of detected photons 
is much less than 108. 


CONCLUSION 

The choice of a three-pinhole aperture for large 
field tomographic imaging in oncology has been 
justified in terms of its field of view and sensitivity 
and the reconstruction technique has been validated 
by means of a computer model simulating noisy data. 
Such an aperture has been constructed at the Royal 
Marsden Hospital, Sutton and its use is currently 
being evaluated. 
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Combined duodenoscopic and transhepatic approach to stenosis of the 


papilla of Vater 


By R. R. Mason, F.R.C.S., M.R.C.P., F.R.C.R. and P. B. Cotton, M.D., F.R.C.P. 


Department of Radiology and Gastrointestinal Unit, The Middlesex Hospital, Mortimer Street, 


London W1N 8AA 


( Received December 1980) 


Duodenoscopic sphincterotomy is now well estab- 
lished as an alternative to surgical intervention for 
the management of bile duct obstruction. We de- 
scribe a patient in whom initial failure of sphincter- 
otomy, due to inability to cannulate a stenosed 
papilla, was overcome by initial dilatation of the 
papilla with a balloon catheter passed by the trans- 
hepatic route. 


Case Report 

A 79-year-old man underwent emergency cholecystec- 
tomy for empyema of the gall bladder. Operative chol- 
angiography showed stones in the common bile duct; the 
duct was explored and stones were removed. 

Post-operative ‘T-tube cholangiography showed three 
stones remaining (Fig. 1). Two attempts at duodenoscopic 
sphincterotomy failed; the papilla was small and firm, and 
could not be entered. The patient was discharged with the 
T-tube in place. Five weeks after surgery, the stones were 
extracted percutaneously via the T-tube track, using the 
technique now well established in this country (Mason, 
1980) and overseas (Burhenne, 1974; Mazzariello, 1976). 
A 12 FG catheter was left draining the bile duct. 

Very little contrast medium had entered the duodenum on 
any of the cholangiograms, and flow was not significantly 
improved after stone extraction. The radiological appear- 
ances suggested a stricture at the papilla. We were not pre- 
pared at that stage to advise any further procedure on the 
papilla which might yet have been normal; there was no evi- 
dence of tumour at duodenoscopy. The drainage tube was 
closed, with a view to following clinical progress and sub- 
sequent tube removal; if a biliary fistula persisted after 24 
hours, this would be taken as evidence of significant papillary 
obstruction, and the T-tube track would be recatheterized. 
Unfortunately the catheter fell out at home; by the time this 
was reported five days later, the track had closed and could 
not be renegotiated. The patient was unwell with intermit- 
tent fevers and persistent elevation of the serum alkaline 
phosphatase. It was felt that a further attempt to improve 
drainage was urgently indicated. 

Under general anaesthesia, a PE 160 catheter was intro- 
duced into the bile duct by the percutaneous transhepatic 
route (Marions and Wiechel, 1974) and advanced into the 
duodenum. Even with this catheter as a guide, the papilla 
would not accept the sphincterotomy knife. The PE 160 
catheter was changed, over a guide wire, to a 7 FG angio- 
plasty catheter. The balloon was positioned in the papilla, 
inflated to 9 mm diameter (under endoscopic view) and 
slowly withdrawn into the bile duct (Fig. 2). It was then 


PIG. 1. 
Post-operative T-tube cholangiogram showing retained bile 


duct stones. Contrast medium has not entered the duo- 
denum. 





simple at duodenoscopy to pass the sphincterotomy knife 
into the dilated sphincter, and to perform sphincterotomy. 
Further biopsies were taken from within the sphincterotomy 
to exclude the possibility of sub-mucosal malignancy. The 
patient. recovered quickly without further fever, and the 
transhepatic tube was gradually removed over the sub- 


sequent 48 hours. The patient was well four months later. 
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Angioplasty catheter placed through ampulla, before and 
after inflation of balloon. 


DISCUSSION 

Biliary surgery is accompanied by an appreciable 
morbidity and mortality in elderly and frail patients 
(Glenn and Hays, 1955; Vellacott and Powell, 1979). 
Non-surgical techniques are increasingly being used. 
The radiological procedures include percutaneous 
stone extraction through the T'-tube track and liver, 
and percutaneous transhepatic drainage and inser- 
tion of endoprostheses for benign (Molnar and 
Stockum, 1978) and malignant strictures (Dooley et 
al, 1979). Duodenoscopic sphincterotomy is an 
effective method for the removal of bile duct stones 
(Cotton, 1980) and is also being employed in the 


management of biliary obstruction due to fibrosis or 
malignancy (Safrany, 1978; Laurence and Cotton, 
1980). Failure to achieve bile duct cannulation at 
duodenoscopy occurs in less than 10°, of patients. 
In such instances the radiological and endoscopic 
techniques can be combined. In a previously re- 
ported case (Mason and Cotton, 1980) endoscopic 
sphincterotomy was used in conjunction with 
cholecystostomy catheterization, and in the present 
case with transhepatic intubation and papillary 
dilatation. 
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Biliary sludge—ultrasonic appearance simulating neoplasm 


By B. Anastasi, M.D., D.M.R.D., F.R.C.R. and G. R. Sutherland, F.R.C.P., F.R.C.R. 
Department of Radiology, Stobhill General Hospital, Glasgow 


( Received March 1981) 


Biliary sludge is the term applied to the material 
causing layered ultrasonic echoes in the gall bladder. 
It may be due to thick or inspissated bile, multiple 
tiny non-shadowing calculi, pigment granules or 
cholesterol crvstal formation, haemobilia, purulent 
bile or pus (Conrad et al., 1979; Buschi et al., 1979; 
Filly et al., 1980). The appearance usually has a 


medium-to-coarse echo pattern, shows a horizontal 
fluid/fluid interface, no acoustic shadowing and being 
gravity-dependent moves when the patient assumes 
an oblique or lateral decubitus position (Anderson 
and Harned, 1977; Conrad et al., 1979; Filly et al., 
1980; Leopold et al, 1976). The appearance of 
biliary sludge may be variable, however; movement 
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under gravity may be very slow (Filly et al., 1980); in 
empyema of the gall bladder diffuse echogenic 
densities may fill the gall bladder and show no 
gravity dependence or layering effect (Kane, 1980). 
Inspissation of bile in long-standing biliary obstruc- 
tion may appear as a uniform solid mass lving in the 
position of the gall bladder (Weeks et al., 1977). 

In this paper we report four cases of biliary sludge 
with an unusual appearance. The patients were 
referred with symptoms of gall-bladder disease or 
obstructive jaundice and in each case the ultrasonic 
picture suggested the presence of a sessile tumour 


arising from the gall-bladder wall. 


Case REPORTS 


( ase / 
A 53-year-old female was hospitalized with a three-day 
history of pyrexia, vomiting and right upper quadrant pain, 





Fic. 1, 


Longitudinal scan, showing well-defined mass lesion with 
areas of higher intensity reflections. Acoustic shadowing not 
evident on this section. 


( ‘ase E 





Case 


Fic. rA 


Well-defined mass lesion without acoustic shadowing. 


A tender globular mass was palpable in the right subcostal 
region. No opaque calculi or gall-bladder opacification were 
demonstrated on IV cholangiography, but the common bile 
duct was slightly dilated with suspicion of a calculus at its 
distal end. Gall-bladder ultrasonography demonstrated a 
well-defined heaped mass of medium-to-coarse echoes, with 
one or two areas of acoustic shadowing ( Fig. 1). The possi- 
bility of a gall-bladder tumour associated with cholelithiasis 
was considered. A repeat ultrasound the following day 
demonstrated the presence of gall-stones but the previously 
noted mass had disappeared. The patient's condition did not 
improve. performed revealing a 
thickened and inflamed gall bladder containing pus and gall 
stones. The bile duct was also inflamed and contained 
purulent bile together with calculous debris at its lower end. 


Cholecystectomy was 


Case á 

\ 4l-year-old male was admitted for investigation of 
jaundice. Three years previously he was stabbed and a 
severed common bile duct was repaired. Since then he had 
suffered from intermittent bouts of cholangitis. On admission 
biochemical investigation showed bilirubin 90 „mol/l and 
alk. phos. 1300 1.u./1. Ultrasonography showed dilatation of 
the intrahepatic biliary radicles, common hepatic duct and 
the upper part of the common bile duct. The distal part was 
of normal calibre. Gall-bladder ultrasonography demon- 
strated a well-defined clump of coarse intraluminal echoes 
with no acoustic shadowing in keeping with a mural tumour 
(Fig. 2). Repeat ultrasound two days later showed dis- 
appearance of the gall-bladder mass and slight but diffuse 
irregularity along the dependent gall-bladder wall suspicious 
of gravel. A stenosed segment of common bile duct was 
demonstrated Dy PEC, At surgery the gall bladder Was 
tound to be thick-walled, distended and full of thick bile and 
a quantity of calculous debris. 


C'ase j 

An 55-year-old female was hospitalized after a five-week 
history of vomiting, anorexia, weight loss and abdominal 
distension. She had an episode of melaena, was slightly 
jaundiced and her stools were pale and urine dark. Her 
bilirubin was 61 «mol/l and alk. phos. 173 i.u./l. Clear 
ascitic fluid was aspirated and there was no evidence of 





> 
Case .5. 


FIG. 3 


Longitudinal scan. Large polypoidal mass-like lesion without 
evidence of acoustic shadowing. 
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Fic. 4. Case 4. 


Slightly lobulated mass with homogeneous echoes associated 
with an adjacent calculus. 


malignant cells. On ultrasound examination the intrahepatic 
and common bile ducts were dilated down to the level of a 
large poorly demarcated tumour mass in the region of the 
pancreas. The gall bladder was enlarged, containing a 
lobulated mass in its dependent portion (Fig. 3). The patient 
became more jaundiced, her condition deteriorated and she 
died ten days later. Autopsy showed a complete block of the 
dilated common bile duct by a pancreatic carcinoma, ‘The 
gall bladder was distended and contained a large amount of 
thick mucoid bile which adhered tenaciously to the mucosa. 


Case 4 

A 73-year-old female was admitted with a three-week 
history of jaundice associated with pale stools and dark urine 
and accompanied by nausea, poor appetite and loss of weight. 
On ultrasound examination the hepatic and common bile 
ducts were dilated, and the gall bladder was distended, 
containing a large gall-stone and what appeared to be a 
slightly lobulated homogeneous soft tissue mass (Fig. 4). At 
percutaneous cholangiography the lower end of the common 
bile duct showed a rounded filling defect associated with a 
rat-tail sign. ‘The surgical findings were that of a papillary 
adenocarcinoma of the ampulla of Vater obstructing the 
common bile duct. The distended oedematous gall bladder 
was found to contain debris and a large gall-stone. 


DISCUSSION 


In these four cases the ultrasonic picture of 


biliary sludge was atypical. The dependent portion 
of the gall bladder contained a homogeneous echo- 
genic mass rather than horizontal layering, the 
echoes being heaped up or clumped together causing 
a tumour-like appearance. The margins of the 
were smooth and lobulated, 


mass rounded or 


there was no acoustic shadowing and no evidence of 


gravity dependence in the oblique or left lateral 


decubitus position. Because of the unusual appear- 
ances, the examination was repeated in two of the 
patients (Cases | and 2) within a few days. In both 
cases the tumour-like mass had disappeared, while 
Case 2 showed some echoes dispersed against the 
dependent wall of the gall bladder. Unfortunately 
Cases 3 and 4 had no repeat examination as one died 
and the other was operated on before this could be 
done. At surgery or autopsy the contents of the four 
gall bladders were found to be biliary debris, thick 
inspissated bile or pus, with gall-stones in two of the 
cases. Jn vitro studies of the gall-bladder contents 
from Case 4 showed an ultrasonic pattern similar to 
the in vivo examination and that gravity dependence 
was greatly delayed, the sludge taking over two hours 
to slide to the lowest portion of the container. 

We present these cases as a reminder that biliary 
sludge has a variable appearance, may not show the 
signs previously described for its diagnosis and may 
even look like a solid tumour. We consider that the 
mass effect is due to temporary clumping of highly 
viscous material due to bile stasis in the gall bladder. 
Its altered appearance is almost certainly due to a 
different physico-chemical state of the bile in the gall 
bladder at the time of the second examination. When 
such lesions are discovered the examination must be 
repeated as this will generally allow the diagnosis to 
be made. 
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An unusual case of subcutaneous emphysema 
By S. A. Thompson, M.B., B.S., J. S. Harper, M.B., B.S., F.R.C.R. and 


P. Millican, M.B., B.S., F.R.C.S., F.R.A.C.S. 


Princess Alexandra Hospital, Brisbane, Queensland, Australia 


( Received November 1980 and in revised form February 1981) 


Subcutaneous emphysema of gastro-intestinal origin 
is a rare occurrence, particularly when localized in 
the lower limb (Fox et al., 1978; Oetting et al., 1955). 
Until recently 51 cases of subcutaneous emphysema 
of gastro-intestinal origin have been reported and 23 
of these were confined to the lower limb. To our 
knowledge the aetiology of this patient's soft tissue 
gas is unique. 


Case REPORT 

A S5l-year-old male was admitted to our hospital on 
3/10/79 complaining of left hip pain of five months' duration 
which had become more severe over the preceding three 
weeks. He was unable to weight bear for this period and for 
two days there had been swelling in the hip region. 

On examination, temperature was 37.9 C, pulse 88 per 
minute. Abdominal examination revealed mild tenderness 
deep in the left iliac fossa but there were no other abdominal 
signs or symptoms. On rectal examination, there was mild 


benign prostatic hypertrophy and tenderness and fullness of 


the left pararectal space. ‘There was pain on movement of the 
left hip and swelling of the thigh. Hb. was 10.7 mg®,, WBC 
12600, glucose, urea and electrolytes within normal limits. 
Past history included asthma, for which the patient took 
Prednisone 5 mg t.d.s. and Ventolin via inhaler, appendi- 
cectomy and tonsillectomy. In 1967 the patient had sus- 
tained a displaced fracture of the left acetabulum which was 
reduced openly with two Stuck nails (made of vitallium- 


cobalt allov). Pelvic X ray revealed two nails in an acetabular 


fracture, one of which projected 2-3 cm into the true pelvis. 
There was gas over the upper femur between the soft tissue 
planes of the left hip and thigh. The fluctuant area over the 


scar on the left thigh was drained with syringe and 10 ml of 


y 





Fic. 1. 


Pelvic X ray showing subcutaneous emphysema of left hip 
and two Stuck nails in left acetabulum. 





dark brown pus obtained which grew staphylococci, strepto- 
cocci, bacteroides and gram negative bacilli. 

Definitive treatment undertaken the following day was 
drainage of the abscess cavity under GA which resulted in 
vast symptomatic improvement. The patient returned to 
theatre on 5/10/79 to divert the faecal fistula: one of the pins 
had perforated the distal sigmoid forming a tight fistulous 
track via the sciatic foramen to the thigh. There was no 
spillage of faeces into the abdomen. The sigmoid perforation 
was oversewn and a drain inserted. 

Post-operative course was marred by right middle lobe 
collapse/consolidation which improved with physiotherapy. 
Transfusion for low haemoglobin and catheterization for 
two episodes of urinary retention were also required. By the 
time of discharge the patient was fully mobilized. 


DISCUSSION 

Subcutaneous emphysema of the lower limb is a 
rare condition and of 23 cases so far reported 65% 
have died (Fox et al., 1978; Nicell et al., 1975). 
Although a significant number occurred in the 
pre-antibiotic era, this mortality rate does indicate 
that it is a serious condition and early diagnosis is 
vital if mortality and morbidity are to be reduced. 
Perplexing initial presentation results in delaved 
initiation of definitive therapy. 

The commonest causes of subcutaneous emphy- 
sema are (Starer, 1975): 

(1) break in continuity of respiratory tract; 

(2) gas-forming infection; 

(3) Atmospheric air via break in skin; 

(4) Rent in the gastro-intestinal tract (Oetting et al., 
1955). 

The two main pathways for the passage of gas 
from gastro-intestinal tract to thigh are via the 
inguinal canal anteriorly or the sciatic foramen 
posteriorly (Fox et al., 1978). In this case, the latter 
occurred and the patient had five months of pain 
suggesting that the nail in his acetabulum had 
perforated the bowel for at least that period. 
However, it is difficult to know whether the nail had 
slipped from its original position, since he had his 
surgery in another city 13 years before and no early 
post-operative films were available to us. 

The commonest limb sub- 
cutaneous emphysema of gastro-intestinal origin are 
ruptured diverticulum of sigmoid, appendicitis and 
cancer of left colon (Robbins et al., 1977). An overall 
finding is that gas confined to the leg usually has its 
origin in the lower intestine. 


causes of lower 
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Patients usually present diagnostic problems and 
correct diagnosis has often not been made until 
surgical exploration or autopsy. They rarely exhibit 
signs of peritonism and hip pain is the most common 
complaint. Once crepitant cellulitis has developed a 
rapid downhill path often ensues and plain X rays 
should be used early to demonstrate gas in the soft 
tissues between muscles along fascial planes, dis- 
tinguishing this condition from gas gangrene where 
gas is found within the muscles (Ainsworth, 1959). 

Stuck nails are in our experience rarely used to 
treat acetabular fracture, screws being more com- 
monly employed. Internal displacement of a pin is 


generally an uncommon sequela of this type of 


fracture but the use of a nail rather than a screw may 
have increased the chance of this occurrence. 
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Giant diverticulum arising from the transverse colon of a patient 


with diverticulosis 
By K. J. Wallers, M.B., Ch.B., D.M.R.D. 


Department of Radiology, Southern General Hospital, Glasgow 


(Received February 1981) 


Acquired giant diverticulum is an uncommon but 
well-recognized finding in patients with diverticular 
disease of the colon. Fifty-one cases have been 
reported so far in the English language literature 
(Kricun et al., 1980). In forty-eight cases the diverti- 
culum arose from the sigmoid colon; in two from 
(Ferguson and Boinis, 1966; 
Kricun et al., 1980); but in only one case from the 
transverse colon (Sagar, 1973). 

A further case of a solitary giant diverticulum 
arising from the transverse colon of a patient with 
extensive diverticulosis is reported. Because of its 
situation high in the abdomen on plain radiographs 
the diverticulum was initially mistaken for a lesion 
arising from the upper gastrointestinal tract. Barium 
follow-through examination provided the correct 
diagnosis. 


descending colon 


Case REPOR' 

A previously well 66-year-old male presented with a four- 
day history of constipation, upper abdominal pain and slight 
abdominal distension. 

On examination there was diffuse upper abdominal 
tenderness and a vague mass could be felt in the epigastrium. 
He had no fever and white blood cell count was normal. He 
denied any previous episodes of a similar nature, or indeed 
any previous gastrointestinal symptoms. 


Radiological findings 
Plain films of the abdomen demonstrated a large (15 cm 
diameter) oval gas shadow in the upper abdomen a little to 


the left of the mid-line containing a gas-liquid level (Fig. 1). 
A small amount of gas was present in the gastric fundus 
separate from, but partially overlapping, the gas shadow. 
The transverse colon loaded with faeces was visible running 
just below the shadow. 





Fig. 1. 
Erect film of the abdomen showing the gas shadow in the 
left upper quadrant of the abdomen with a gas-liquid level. 
The arrow points to air in the gastric fundus. 
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Late film from the barium follow-through. There are 

multiple small colonic diverticula, The intimate relationship 

of the giant diverticulum to transverse colon ts shown as is 

the increased density of the liquid within the diverticulum, 

indicating entry of barium from the bowel. (Naso-gastric 
tube lies coiled in the stomach). 


Barium meal showed no abnormality in, or apparent 
connection of the gas shadow with, the upper gastrointestinal 
tract. Delayed PA and lateral films of the abdomen with the 
patient erect taken two hours after the meal showed the gas 
shadow lying separate from, and antero-inferiorly in relation 
to, the stomach but just above the transverse colon and 
immediately beneath the anterior abdominal wall. 

Further examination six hours after the meal confirmed 
the intimate relationship of the gas shadow to the transverse 
colon and showed a definite increase in density of the fluid 
within the cavity, confirming connection with the bowel 
lumen (Fig. 2). Extensive diverticulosis was present in 
transverse and descending colon. 


Surgical and pathological findings 
Laparotomy confirmed the presence of a large thin-walled 
diverticulum arising from the mesenteric border of the 


transverse colon, with which it communicated by a 1 cm wide 
neck. The diverticulum was excised at its neck. Post- 
operative recovery was uneventful. 

Histological examination of the diverticulum revealed a 
thin fibrous tissue wall with a lining of granulation tissue. 
There was no evidence of smooth muscle or nervous tissue 
in the wall. 


DISCUSSION 

The aetiology of giant colonic diverticula (GCD) 
remains unclear. A few, mainly those occurring in 
younger patients, are probably true congenital 
diverticula or communicating reduplication cysts 
and can be differentiated histologically by the pre- 
sence of all layers of bowel in their wall. The majority 
however occur in older patients with diverticular 
disease and appear to represent pseudodiverticula 
which have undergone massive gaseous distension. 

On plain abdominal radiographs GCD appear as 
large, smoothly marginated, round or oval gas 
shadows, usually in the lower or mid abdomen. Size 
is variable and roughly 25°,, contain a gas-liquid 
level. Rarely they are multiple. Once suspected, con- 
firmation is best provided by barium enema which 
will demonstrate the intimate relationship of the 
GCD to colon. Filling of the diverticulum with 
barium confirms connection with the bowel lumen 
and occurs in about 60", of cases (Kricun et al., 
1980). 

Complications occur in about 12%, of cases, more 
frequently in recent series (three out of five cases- 
Kricun eż al., 1980). Complications reported include 
volvulus (one case), subserosal perforation with or 
without abscess formation (three cases), perforation 
with pneumoperitoneum (one case) and adeno- 
carcinoma within the diverticulum (one case). 

Elective excision of the diverticulum is thus the 
treatment of choice. 
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Pseudo tumours of the colon due to adhesions 

By Z. F. Boulis, F.R.C.S., F.R.C.S.(Ed.), D.M.R.D. and D. R. Osborne, F.R.C.S. 


Royal Free Hospital, London NW3 


( Received September 1980 and in revised form January 1981) 


Large bowel pseudo tumours caused bv adhesions 
and bands are rare but cause a diagnostic problem as 
they can mimic more serious disease. The lesions 
characteristically occur in the transverse and the 
sigmoid colon, the most important underlying cause 
being previous surgery. Pre-operatively the diag- 
nosis cannot be made with certainty and if a pseudo 
tumour is considered, colonoscopy is recommended 
and may help avoid laparotomy. If the diagnosis is 
suspected because of negative findings at laparotomy, 
peroperative colonoscopy can avoid resection. 


Case REPORT 

X 60-year-old housewife had a recent onset of para- 
umbilical pain, constipation and rectal bleeding. She had 
undergone appendicectomy and Caesarian section 40 and 
30 years ago respectively. Physical examination suggested a 
mass in the left iliac fossa, rectal examination being normal. 
Sigmoidoscopy revealed traces of blood in the upper rectum 
and carcinoma or diverticular disease of the colon were con- 
sidered in the differential diagnosis. Barium enema showed 
one segment of deformity with mucosal irregularity in the 
distal transverse colon, and another segment of narrowing in 
the sigmoid colon (Figs. 1 and 2). The sigmoid lesion 
showed thumb-printing of the lateral wall suggestive of 
local ischaemia (Fig. 3). Such areas did not alter with 0.5 mg 
glucagon IV and the appearance of the transverse colonic 
lesion suggested a carcinoma. At laparotomy there were 
several adhesions involving the transverse, descending and 
sigmoid colons. ‘The adhesions were dissected clear and on 
palpation the colon was normal apart from slight thickening 
at the sites in question. ‘There was no sign of malignancy. In 
view of the barium enema findings, peroperative colon- 
oscopy was performed. This allowed close examination of 
the transilluminated bowel wall and showed the mucosa of 
the relevant sites to be normal apart from oedema. Biopsies 
were taken and the abdomen closed, recovery being un- 
eventful, Histology showed a mild inflammatory reaction, 
with some necrotic debris and granulation tissue. 


DISCUSSION 

Weibel and Manjo (1973) estimate that up to 65", 
of patients undergoing abdominal surgery develop 
adhesions. Such adhesions can result in radiological 
changes on a barium enema resembling a variety of 
lesions, including neoplasm, haematoma, endo- 
metriosis and lymphatic cyst (Kyaw and Koehler, 
1972). The changes are essentially the result of 
fibrous connective tissue replacing the appendices 
epiploicae as a result of inflammatory change. The 





inflammation may result from previous surgery, tor- 
sion, infection or vascular occlusion, The appendices Fic. 1. 
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epiploicae, though found over the entire colon, are 
most abundant in the transverse and sigmoid colon. 
The ultimate 
herence of the bowel wall by fibrous connective 


result of their inflammation is ad- 

tissue to adjacent loops of bowel or nearby organ 

(Kirsh and Drosd, 1959). 

The clinical symptoms are non-specific and in- 
clude changes in bowel habit and rectal bleeding 
giving a wide differential diagnosis. Kyaw and 
Koehler (1972) suggest the following features are 
useful in the diagnosis of pseudo tumour due to ad- 
hesions: 

(1) history of previous surgery or inflammatory 
disease of the abdomen or pelvis; 

(2) intact mucosa at the site of abnormality. This 
was not a radiological feature in the case under 
review ; 

(3) evidence of involvement of adjacent small bowel 
loops. Bartram (1980) has shown the importance 
of the small bowel enema in this respect; 

(4) location of the lesion in the transverse or sigmoid 
colon. 

In the present patient, the appearance seen in the 
mucosa at colonoscopy may have represented local- 
ized ischaemic changes secondary to the adhesions. 
The rectal bleeding may be explained by the 
ischaemic colitis. It is noted that the pelvic colon 
shows '"thumb-printing" of one wall only (Fig. 3). 
This 1s contrary to the conventional thumb-printing 
of both walls due to main vessel occlusion and to our 


knowledge has not been described before; it could 





Fic. 3. 


be explained by the concept of localized ischaemia 
The fact that it is on the anti- 


mesenteric border, being less vascular, further sup- 


from adhesions. 


ports such as a concept. 

Once the diagnosis is considered, pre-operative 
colonoscopy is imperative. A primary carcinoma 
being essentially a mucosal lesion, can be excluded 
by an experienced colonoscopist. If colonoscopy is 
negative and adhesions thought to be responsible, a 
laparotomy can be avoided unless obstructive symp- 
toms develop. 
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Pre-natal ultrasound demonstration of lymphangiectasia in the mesentery 


of the small bowel 


By K. C. Dewbury, B.Sc., M.B., F.R.C.R., K. S. Rao, M.B., B.S., F.R.C.S. and V. Poll, Ph.D. 
Department of Radiology, Southampton General Hospital, Southampton SO9 4XY 


( Received November 1980 and in revised form February 1981) 


The finding of cystic abnormalities in the fetal 
abdomen is being increasingly reported. Double 
cystic structures in the fetal abdomen are typically 
seen in duodenal atresia (Gee and Abdullah, 1978). 
A similar appearance may be produced by bilateral 
hydronephrosis (Hately and Nicholls, 1979). Similar 
appearances have also been reported in a case of a 
choledochal cyst (Dewbury et al., 1980). 

We report a case where multiple small cysts, which 
later proved to be lymphangiectasia in the mesentery 
of the small bowel, were seen filling the fetal abdo- 


men. This is an extremely rare condition, and, to our 


knowledge, no similar case has been previously 
reported in the literature of either surgical pathology 
or diagnostic radiology. 


Case REPOR' 

A 23-year-old primigravida at 33 weeks’ gestation was 
referred for ultrasound examination with a history of slight 
vaginal bleeding. The examination showed a single live fetus 
consistent in size with dates. A right antero-lateral placenta 
was shown in the upper segment. In addition, it was noted 
that the fetal abdomen was filled with small cystic spaces 
(Fig. 1). The vaginal bleeding subsided with conservative 
management, and the pregnancy proceeded normally. A 
second ultrasound examination at 36 weeks again showed the 
same abnormality of the fetal abdomen. Normal fetal kidneys 
were identihed, and the bladder was full at the time of this 
examination. A renal anomaly was therefore considered 
unlikely. The most likely diagnosis at this stage was con- 


= 
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FtG. 1. 


A longitudinal scan through the fetal abdomen at 33 weeks of 


gestation, showing multiple small cystic spaces (C). B, 
bladder. 
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sidered to be a bowel atresia, although the stomach itself did 
not appear to be unduly distended. 

Labour was induced at 39 weeks, which resulted in a 
normal vaginal delivery of a live male infant weighing 3950 g 
with an Apgar score at one minute of 9, Initial clinical 
examination of the baby showed abdominal distension, but 
no discrete masses were palpable. The baby was otherwise 
well, fed normally and passed normal-coloured stools. An 
intravenous urogram on the second day of life showed 
normal kidneys. An ultrasound examination was performed 
on the third day after birth, which showed the abdomen to 
be full of a complex cystic mass. A number of the cysts 
contained fine low-level echoes (Figs. 2A, B). The presence of 





Fic. 2a. 


A longitudinal scan of the abdomen three days after birth 

showing abdominal distension due to a complex cystic mass 

(C). Fine low level echoes are present in some of the cysts ( E). 
L, liver. 
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Fic. 2B. 


A transverse scan at the same time as Fig. 24 at the level of 
the umbilicus. C, cysts; G, gas-containing bowel. 
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low-level echoes within some of the cysts was thought to 
represent the presence of mucinous material and an extensive 
intestinal duplication was considered to be the most likely 
diagnosis. A bowel atresia was excluded, both by the clinical 
status and the normal bowel function. A pertechnetate 
imaging examination showed no ectopic gastric mucosa in 
the abdomen. Starting on the third day, the baby became 
increasingly jaundiced with a drop in haemoglobin requiring 
exchange transfusion. ‘There was one episode of melaena, 
but there were no signs suggestive of necrotizing entero- 
colitis on a repeat abdominal radiograph. During this time 
there was gradual increase in the soft tissue distension of the 
abdomen. 

A laparotomy was carried out on the seventh day of life. 
At operation, the whole small bowel appeared to have large 
cysts hanging on either side of the bowel near the mesenteric 
border. Accidental rupture of one of these cysts resulted in 
expulsion of a large amount of sequestrated blood, following 
which the entire cyst was decompressed. ‘There were also 
several small cysts in the transverse colon, which seemed to 
have fatty tissue and lymph in them. No bleeding was seen 
into these cysts. These were biopsied. None of the cysts 
appeared to communicate with the lumen of the bowel. 

Post-operative progress was uneventful, and the serum 
bilirubin, which peaked at 340 millimoles, rapidly returned 
to normal levels. Histology showed dilated channels charac- 
teristic of a lymphangiectasia within adipose connective 
tissue. One specimen showed deposits of calcium with 
associated haemosiderin and non-specific subacute inflam- 
matory cells, almost certainly a haematoma. 

Five days post-operatively, a repeat ultrasound examin- 
ation showed that the abdominal cysts were smaller, although 
still clearly visible (Fig. 3). At this time there was no longer 





Fic. 3. 


A longitudinal scan done on the 12th day of life (five days 
post-operatively). The cysts (C) now appear smaller. L, liver; 
G, gas-containing bowel. 
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evidence of low-level echoes within any of the cysts. Since 
this time the baby has been followed up carefully, as there 
was always a risk of further haemorrhage into the cysts. The 
child is now five months old, and repeat scans have been 
performed at monthly intervals showing no significant 
change in the appearance of the cysts within the abdomen. 
The child has continued to thrive, but has recently developed 
a moderate amount of ascites and small bilateral hydroceles. 
We speculate that this is secondary to rupture of one of the 
cysts into the abdominal cavity 


DISCUSSION 

Primary intestinal lymphangiectasia is described 
as congenital hypoplasia of the mesenteric lym- 
phatics, resulting in dilated small bowel lymph 
vessels and an exudative enteropathy. The hypopla- 
sia may occur at a number of sites in the bowel wall, 
including the lamina propria, submucosa, serosa and 
mesentery. The clinical manifestations vary widely 
and often include lymphatic anomalies outside the 
gastro-intestinal tract (Pomerantz and Waldman, 
1963). It may be first diagnosed from the secondary 
manifestations of an exudative enteropathy (Nugent 
et al., 1964). All the cases reported in the literature 
have shown the hallmark lesions of dilatation and 
lvmphangiectasia of the lymphatic vessels of the 
submucosa and serosa (Waldman, 1966). Most often 
the histological confirmation has been obtained by 
per oral jejunal mucosal biopsy. 

The case reported by us has not shown any 
recorded clinical manifestations, and was diagnosed 
only by the undue abdominal distension and by the 
ultrasound finding of abdominal cysts. The presence 
of these large cysts appears to be a unique feature. 
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The diagnosis by computerized tomography of a parathyroid adenoma 


presenting as acute pancreatitis 
By *N. R. McLean, B.Sc., F.R.C.S., 


Department of Surgery, Stobhill General Hospital, Glasgow G21 3EW 


N. C. McMillan, M.B., Ch.B., D.M.R.D. and J. G. Duncan, M.B., F.R.C.S., F.R.C.R. 
Department of Radiology, Glasgow Royal Infirmary, Glasgow G4 0SF 


(Re ceived December 1980) 


Factors implicated in the aetiology of acute pan- 
creatitis include biliary tract disease, alcohol abuse 
and abdominal trauma (Imrie and Whyte, 1975). 
Reported is a case of hyperparathyroidism due to a 
solitary parathyroid adenoma, diagnosed by com- 
puterized tomography (CT) but which presented as 


acute pancreatitis. 


Case REPORTI 

A previously healthy 20-year-old male was admitted with 
a 24-hour history of severe constant central abdominal pain 
and vomiting. ‘There was no history of biliary disease, 
alcohol abuse or abdominal trauma, On examination he was 
flushed and toxic with a tachycardia of 114 per minute. He 
was extremely tender with guarding in the epigastrium and 
right hypochondrium; bowel sounds were normal. 

Plain radiographs of the abdomen were normal, haemo- 
globin was 16.2 g¢° and total WBC was 17700. Serum 
amylase was grossly elevated (4500 i.u./1), albumin was low 
(34 g/l), calcium markedly raised at 3.45 m.mol/l (corrected 
to 3.65 m.mol/l for albumin), and phosphate correspond- 
ingly reduced at 0.69 m.mol/l. A diagnosis of acute pan- 
creatitis associated with hypercalcaemia was made and he 
was treated conservatively. 

On further questioning he gave a recent history of head- 
aches, dyspepsia and increase in overnight urine volumes. A 
radiograph of both hands was normal and an ECG showed a 
shortened QT interval. A mineral metabolism 
revealed a raised serum total and ionized calcium with a 
normal urinary calcium/creatinine ratio. Serum phosphate 
was low and there was a reduction in the renal tubular 
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absorption of phosphate. The alkaline phosphatase was mar- 
ginally elevated (123 i.u./l) and the serum parathormone 
level was raised at 720 ng/l (normal range 0-600 ng/l). 
Daily calcium levels were measured and these are shown in 
Fig. 1. He was commenced on sandozphosphate. A CT scan 
of neck one week later revealed a 2 « 1 cm nodule related to 
the postero-inferior aspect of the left lobe of the thyroid 
gland, suggestive of a parathyroid adenoma (Fig. 2). 

At operation an enlarged left inferior parathyroid gland 
was found as reported on CT and excised (Fig. 3). Histo- 
logical examination confirmed the diagnosis of parathyroid 
adenoma. Post-operatively his serum calcium fell to normal 
(Fig. 1) and has remained so for over a year. 


Discussion 

Although the incidence of acute pancreatitis in 
hyperparathyroidism is said to be 7°%, (Wells, 1977), 
in four recent studies totalling over 600 patients only 
one case of acute pancreatitis secondary to hyper- 
parathyroidism has been reported (Imrie and Whyte, 
1975; Imrie, 1974; Imrie et al, 1978; Ong et al., 
1979). 

Methods of localizing parathyroid adenomas in- 
clude neck vein sampling, isotope scanning, ultra- 
sonography, and more recently CT. 

Selective venous sampling and radio-immunoassay 
of parathyroid hormone is an effective method of 
localization (Bilezikian et al., 1973), selective thyroid 
vein sampling yielding an accuracy varying between 
72%% and 8295. In contrast, large vein sampling was 
shown to be much less helpful with an accuracy of 
only 2995. This technique is not widely available, is 
costly, and, being invasive, not without risk. 

Traditional isotope scanning using 75Se seleno- 
methionine proved to be unsatisfactory in localizing 
fuctioning adenomas of the parathyroid glands. A 
computer-assisted double-isotope technique was 
shown to be more reliable although the accuracy of 
localization was still less than 50°, (Ell et al., 1975). 

A recent report (Edis and Evans, 1979) has 
claimed a 10094 accuracy of localization of parathy- 
roid tumours in ten patients specially selected from 
several hundred with hyperparathyroidism seen at 
the Mayo Clinic. A prototype high resolution real- 
time ultrasound instrument was used and is not yet 
generally available. Conventional ultrasound tech- 


niques have been much less helpful, with wide 
variations in the accuracy of localization, particularly 
with smaller tumours (Egdahl, 1979). 

CT localization has recently been used as an 
alternative method (Shimshank et al., 1979) although 
its reliability in discriminating between thyroid and 
parathyroid tissue in the neck is variable. In this 
patient, however, CT was a quick and non-invasive 
method of localizing a parathyroid adenoma, leading 
to curative surgery. 
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(The Editors do not hold themselves responsible for opinions expressed by correspondents) 


The “ten-day rule" 


THE EprTOR—SIR, 

The “ten-day rule" is a rule of practice intended to reduce 
the likelihood of irradiation of a pregnancy and is one of the 
recommendations included in the ''Code of Practice for the 
Protection of Persons against lonizing Radiations arising 
from Medical and Dental Use" (1972). ‘The Code recom- 
mends that examinations of the lower abdomen should, if 
practicable, be carried out within ten days following the 
first day of the menstrual period. 

In a recent case of litigation a patient successfully sued an 
Area Health Authority for damages when her pregnancy was 
terminated following the realization that she was pregnant at 
the time of an X-ray examination of the pelvis and lumbar 
spine. The patient had visited the Casualty Department of 
the Hospital complaining of pain in the lower back. The 
Casualty Officer had referred the woman for X-ray examin- 
ation but had not completed that section of the X-ray request 
card pertaining to the “ten-day rule”. 

In the legal action that followed the County Court Judge 
took the view that, irrespective of both the degree of risk of 
fetal damage and of the advice of the Consultant Gynaecolo- 
gist who terminated the pregnancy, the Casualty Officer was 
liable since he had not demonstrated that he had applied his 
mind to the possibility of an early pregnancy. 

This highlights the necessity for the requesting Clinician 





A "new line" in radiology 


THE EDITOR—SIR, 

Since 1911, when Shenton described the radiological 
alterations in the hip in cases of tuberculosis (Shenton, 
1911), all radiologists have used Shenton’s line when 
diagnosing pathological conditions of the hip (Fig. 1). 

The aim of this communication is to draw attention to a 
similar line we have found in the shoulder joint. This line 
can be identifed not only on frontal, but also on lateral 
views. On the frontal view (Fig. 2) the line follows the lateral 
border of the scapula, the neck and the medial border of the 
humerus, and on the lateral view (Fig. 3) the line follows the 
lateral border of the scapula, the neck and the posterior 
surface of the humerus. In the presence of pathology a 
discontinuity of this line may be seen (Figs. 4 and 5). A 
similar line has been described in the frontal plane in a study 
of patients with hemiparesis (Bats, 1976). Our clinical 
colleagues have found this line particularly useful when 
reading films in the Casualty Department. 


Yours, etc., 
A. KARLE, 
E. B. HANSEN. 


Department of Radiology, 
Hvidovre Hospital, 

University Hospital of Copenhagen, 
DK-2650 Hvidovre, Denmark. 

( Received January 1981) 
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to consider the possibility of an early pregnancy and to 
complete that section of the X-ray request form. Even if it 1s 
argued that in many Accident and Emergency situations the 
ten-day rule should be automatically overridden it would seem 
prudent to accept the rule as a formal statement of policy. 

In a review article with regard to radiation effects on pre- 
natal development (Mole, 1979) the summary asks whether, 
in the light of natural and radiation-induced risk estimates, 
the measures intended to reduce the possibility of exposure 
of the developing embryo or fetus are justified. 

May I suggest that the “ten-day rule" has now acquired 
a status greater than that simply intended to reduce the 
possibility of irradiation of an early pregnancy? 

Yours, etc., 
M. L. RAMSDALE. 
Department of Medical Physics, 
Leeds General Infirmary, 
Leeds LS1 3EX. 
(Received March 1981) 
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The incidence of headache following various 
techniques with metrizamide myelography 


Tue Eprror—Sir, 

The conclusions reached by Rolfe and Maguire (1980), 
that needle size and weight of iodine injected have no in- 
fluence on the incidence of side effects, run contrary to first 
principles and to general experience. Fewer complications 
can be expected with the use of thinner needles and whilst 
perhaps not statistically significant in their series, 18 cer- 
tainly clearly demonstrated by Tourtellotte et al. (1972) as 
quoted in the article. In a randomized double blind clinical 
trial comparing the 22 versus 26 gauge needle in the pro- 
duction of post-lumbar puncture syndrome in normal in- 
dividuals, they recorded headaches in 32°, and 1295 of cases 
respectively. By using fine needles, complications are re- 
duced in other radiological procedures such as percutaneous 
cholangiography and biopsy. 

The position of the patient after lumbar puncture may be 
all important and patients who lie prone are very much less 
liable to headache. Also important is the size of the dural 
tear through which the cerebrospinal fluid leaks and it can be 
minimized by inserting the needle in the plane of the dural 
fibres, most of which run longitudinally (British Medical 
Journal, 1975), 

Sound pharmacological principles dictate the use of the 
lowest possible concentration with the smallest quantity of 
contrast medium to produce acceptable diagnostic results. 
Rapid completion of the examination and subsequent re- 
moval of the drug, if possible, is also desirable, Hurwitz et al. 
(1980) found that 66°, of the injected metrizamide could be 
aspirated after lumbar myelography and claimed that head- 
aches and nausea were thereby reduced. 

The application of the following principles in lumbar 
myelography will minimize its discomfort and complications 
and enable most to be done on an out-patient basis (van 
Niekerk, 1979). 

1. Use the thinnest needle which is effective (22G in most 
cases). Local anaesthetic is not required when thin needles 
are used. 

2. Insertion of the needle with the bevel in the plane of the 
dural fibres. 

3. Avoid multiple punctures. To ensure accurate place- 
ment of the needle I prefer to do the lumbar puncture under 
screening control with the patient prone and with a pillow 
under the stomach. 

4. Use the smallest effective quantity of contrast medium. 

5. Minimize movement of the patient and rapidly com- 
plete the examination. There is thus less mixing of the con- 
trast medium with the cerebrospínal fluid allowing optimal 
subsequent aspiration of the contrast medium. 

6. Thereafter the patient should sit or remain semi-erect 
for an hour or two to allow absorption of much of the re- 
maining small quantity of contrast medium and then lie 
prone to minimize leak of cerebrospinal fluid through the 
dural tear. 

Yours etc. 
]. P. pe V. van NIEKERK. 
Department of Radiology, 
Groote Schuur Hospital, 
University of Cape Town, 
South Africa. 
(Received February 1981) 
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(Author's reply) 


THe Eprror—Sir, 

The needle gauges used in this study were those most 
commonly employed by radiologists performing frequent 
myelographic examinations, The incidence of headache was 
similar to that reported by other workers using similar 
calibre needles and differing doses of metrizamide and 
different water soluble contrast agents (Grainger et al., 1976; 
Hindmarsh, 1975; Irstan and Sellden, 1976; Skalpe, 1977). 

Tourtellotte et al. (1964) failed to show any significant 
difference in the frequency of post-lumbar puncture head- 
ache following the use of 18 gauge and 20 gauge spinal 
needles. This study, together with our own work and later 
series by Tourtellotte et al. (1972), indicates that needles of 
24 or 26 gauge are required to achieve a significant reduction 
in the incidence of headache. The use of such needles is 
more time consuming and would make attempted aspiration 
of residual contrast agent, a procedure which is probably 
applicable only to examinations limited to the lumbar re- 
gion, more tedious and presumably, as a consequence, less 
complete. 

Our failure to demonstrate a relationship between the 
dosage of contrast medium and frequency of headaches may 
not be so surprising since all dosages were less than the 
manufacturers’ recommended maximum. Other studies have 
also failed to show obvious connection (Cook and Wise, 
1979) or very little significant relationship (Ahlgren, 1975) 
between these parameters. 

The position adopted after lumbar puncture may be of 
importance. Brocker (1958) claimed to have virtually 
eliminated post-lumbar puncture headache by positioning 
the patient prone immediately after lumbar puncture which 
was performed using 18 gauge needles in all patients. Un- 
fortunately a prone, horizontal position may not be adopted 
following myelography with water soluble contrast agents, 

We have grave reservations on the performance of metriz- 
amide myelography as an out-patient procedure. The most 
serious complication following the intrathecal use of metriz- 
amide is seizure. Recently, Roper et al. (1979) studied EEG 
recordings in a group of 61 patients before and after metriz- 
amide myelography. In this series of patients, six developed 
EEG changes over 24 hours after myelography, the inter- 
vening recordings having been entirely normal. 

It has also been shown (Speck et al., 1978) that there 
exists wide variation in the degree of persistence of water 
soluble contrast media within the cerebrospinal fluid in 
different patients. This finding is of some interest, particu- 
larly in view of the fact that one patient of van Niekerk's 
(1979) series of patients who underwent myelography as an 
out-patient procedure did in fact experience a seizure 14 
hours after myelography despite apparent removal of 
metrizamide. This patient was an epileptic receiving treat- 
ment, though this fact was not appreciated at the time of the 
examination. 

We therefore feel that until new, less epileptogenic water 
soluble contrast agents become available, there is no place in 
present radiological practice for out-patient myelography. 

Yours etc., 
E. B. ROLFE. 
Department of Radiology, 
The Queen Elizabeth Hospital, 
Birmingham. 
(Received April 1981) 
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Blood flow rate determination using computed 
tomography 


"THe Enrror—Sir, l 

The recent article by Tonge et al. (1980) discussed a 
method to measure blood flow rate using computed tom- 
ography. In their discussion of limitations, they omitted a 
potentially serious one which could invalidate the technique. 

‘The authors carefully calibrated their system in citro and 
then showed its accuracy for measuring flow rate. However, 
these calibrations will not apply to the in vivo situation. The 
change in the effective energy of the X-ray beam in vive due 
to the variation in size and composition of the body at each 
level scanned is totally unpredictable (Zatz and Alvarez, 
1977). The calibration would have to be done in vive at the 
level scanned. Since the calibration must be an internal one 
(Brooks et al., 1980), this would require a second catheter in 
the vessel below the injection site to obtain samples for the 
calibration. Once the catheter was in place, CT would no 
longer be necessary since a standard indicator-dilution study 
could be done. The only time that the addition of CT might 
be useful would be to determine flow patterns in vessels other 


than the aorta which were included in the C'T section and 
which branched from the aorta below the injection point. 
Yours, etc., 
L. M, ZATZ. 
Chief, Radiology Service, 
VAMC and Professor of Radiology, 
Stanford University School of Medicine, 
Radiology Service (114), 
VAMC, 
Palo Alto, CA 94304, USA, 
(Received January 1981) 
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(Authors reply) 


THE Eprrog—Sin, 

In his letter Dr. Zatz has quite rightly pointed out that the 
effects of beam hardening would be unpredictable if this 
technique were used in vivo due to normal variations in 
human form. We recognized this as a problem and have 
found errors of the order of +10% in the measurement of 
iodine concentration in vitro with our EMI 5005 Scanner. 
The phantom used simulated an anatomical cross section of 
the thorax with areas representing lung and bone as well as 
soft tissue. The dimensions of these structures and the 
density of the bone-like material were then severely varied. 

Given these results we think that there are some regions 
of the body where the errors due to this problem may not be 
a handicap. The knowledge that more accurate and specific 
machines are being developed lead us to publish this rather 
fundamental experiment. 

Yours, etc., 
K. A. TONGE. 
On behalf of the authors. 
St. Thomas’ Hospital, 
London SE1 7EH. 
(Received April 1981) 


The Dalkon Shield 


THe Eprror—Sir, 

I wondered if I could seek the help of readers of your 
Journal with regard to women who still have the Dalkon 
Shield zn situ. This intrauterine contraceptive device was 
removed from the market in 1975 after reports of sepsis and 
deaths from septic abortion in the United States. I am in the 
process of attempting to trace women at the London 
Hospital who had these inserted and in one case we found 
that the woman had had an IVU done last year where the 
Dalkon Shield is clearly shown (Fig. 1). This, however, was 
not noted by the trainee radiologist and many younger 
doctors may not be aware of the appearance or history of 
these dangerous contraceptive devices. 

Recently the manufacturers circulated doctors with the 
recommendation that the shield should be removed from 
any woman in which it was still in place, citing the higher 
incidence of actinomycosis in women with long term use. 
Recent work in the United States has shown that the tail of 
this device undergoes biodegradation and it is likely that 
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increasing rates of sepsis will be encountered with long term 
use, 

One hundred thousand of the Dalkon Shields were sold 
in this country and there has never been a formal recall 
From the interim results of our study in Tower 
Hamlets it seems that between 10 and 15", of the women 
htted with the shield may still have it in place and I would 
like to draw this to your readers’ attention and ask them to 
alert the clinician concerned so that he can arrange tor this 
shield to be removed by the appropriate specialist. 

Yours, CTC., 


W. D. 


system. 


SAVAGE. 


Department of Obstetrics & Gynaecology, 
The London Hospital (Mile End), 
Bancroft Road, London E1 4DG. 

( Received April 1981) 


Migration of localizing wire into pleural cavity 


‘THe Eprror—SsSir, 

I was interested to read of the case reported (Bristol and 
Jones, 1981) where a Frank localizing wire inserted into a 
suspect area in a breast had migrated into the pleural cavity. 

This possibilitv caused us some anxietv when we first 


commenced to localize breast lesions for biopsy by this 


method. Consequently, we have adopted the simple expe- 
dient of bending the protruding end of the localizing wire 
through a right angle at skin level, a technique we commend 
to your readers, 

Technically, once the wire has been inserted it is firmly 
held by a Spencer Wells forceps at skin level. A second 
Spencer Wells is applied a couple of millimetres above the 
first and this is twisted until the exposed portion of the wire 
lies parallel to the skin. A small gauze dressing is passed 
between the wire and the skin to avoid the possibility of the 
tip scratching the patient. The whole is secured by a micro- 
pore dressing and films using compression are taken in 
supero-inferior and lateral projection. 

Since adopting this technique we have experienced no 
problems with wire migration even though over 80 of our 
patients have travelled by car or taxi to another hospital 
some four miles distant, and seven have travelled over 15 
miles to another town, all with a marker in situ. 

Yours, etc., 
E. J. ROEBUCK. 
University Hospital, 
Nottingham. 
( Received Fi bruary 1981) 
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THE EDITOR— SIR, 

| have read with interest the recent article concerning 
transgression of a localizing wire used for pre-operative 
percutaneous localization. of non-palpable breast lesions 
(Bristol and Jones, 1981). Unfortunately the statement by 
the authors that the technique was previouslv free of 
reported complications is unwarranted. For some reason 
their review of the literature failed to identify a recent paper 
appearing in 1979 regarding migration of the hooked 
localization wire. Not only is it mandatory to stabilize the 
external end of the wire, but as I reported in this paper it is 
insufficient to stabilize it with anything but a strong screw- 
clamp device, 

Yours, etc., 
M. J. Homer. 

Mammography Section, 
Department of Radiology, 
Box 388, 
Tufts- New England Medical Center 
171 Harrison Avenue, 
Boston, MA 02111 USA, 
( Recered March 1981) 
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(Author's reply) 


‘THe EDITOR— SIR, 

The events reported in our article (Bristol and Jones, 
1981) occurred in February 1979 and the report was pre- 
pared later that year. At the time of preparation our literature 
search did indeed fail to identify Dr. Homer’s paper, 
probably because it was published in December 1979 and 
would not have been cited until well into 1980, 

The need to guard the wire end is endorsed in both 
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papers, although the nature of the guard may surely vary as 
long as it is secure. 

We thank Dr. Roebuck for his observations. We have also 
employed the technique of bending the external tip of the 
wire and found this reasonably satisfactory, but are also at 
present experimenting with the use of Denis Browne 
aluminium collars which can be squeezed on the the end of 
the wire after final positioning and are relatively unobtrusive. 

Yours, etc., 
J. B. BRISTOL. 
Department of Surgery, 
Bristol Royal Infirmary. 


( Received April 1981) 
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Para-aortic nodes in carcinoma of the cervix 


Tre Enrror—Sir, 

I fear that Dr. J. S. Macdonald cannot have spoken to his 
radiotherapist colleagues before writing his book review on 
the Atlas of Lymphography by Viamonte and Ruttimann 
(British Journal of Radiology, 1981, 54, p.270) in which he 
states "the stress laid on the involvement of the para-aortic 
nodes in carcinoma of the cervix and body of the uterus is 
very important, since this is not widely realised and many 
deaths could be prevented by lymphography and adequate 
treatment in these patients." 

Radiotherapists and gynaecologists dealing with these 
diseases are very aware of the frequency of para-aortic 
lymph-node metastases; however, for reasons equally well- 
known to radiotherapists, nobody has yet been able to show 
that treatment of these nodes adds significantly to the likeli- 
hood of cure. The few patients who might benefit-—and this 
is difficult to prove-—are those with clinically early primary 
tumours and micrometastasés in the para-aortic chain, which 
of course are not demonstrable by lymphography. 

Yours etc., 
I. J. KERBY. 
Department of Radiotherapy and Oncology, 
Velindre Hospital, 
Whitchurch, 
Cardiff CFA 7XL. 
( Received March 1981) 


CAuthor's reply) 


THE EDITOR—SIR, 

I have read Dr. I. J. Kerby's letter with interest. I should 
like to assure him that I not only speak to my radiotherapy 
colleagues but work very closely with them. 

To quote the experience of one of my radiotherapy col- 
leagues Dr. Joan Baker: in her series of patients with cancer 
of the cervix 22 were shown at lymphography to have in- 
volved para-aortic nodes; nine of these patients are alive and 
well, three between three and five years, six over five years. 
None of the remainder recurred in the para-aortic nodes 
after radiotherapy and deaths were due to inability to con- 
trol primary disease. I would submit that it 1s important to 
know if these nodes are involved because from these figures 
they are obviously eminently treatable if they are found 
before they are too large. As for micro-metastases, we will of 
course never show these, but if lymphography is used 
properly with adequate follow-up films then as soon as 
micro-metastases become macro-metastases they can be 


seen and treated. One of these long-term survivors showed 
radiologically normal nodes at the time of lymphography but 
developed an obvious para-aortic deposit during follow-up. 
'This was irradiated and there has been no evidence of recur- 
rence of disease. 

I still doubt whether in general radiotherapists and on- 
cologists dealing with this disease are aware of the frequency 
of para-aortic node involvement, and also how eminently 
treatable these nodes are when the diagnosis is made when 
the amount of disease present is still small. 

Yours etc., 
J. S. MACDONALD, 
Diagnostic X-ray Department, 
The Royal Marsden Hospital, 
Downs Road, 
Sutton, Surrey SM2 5PT. 
(Received April 1987) 


Radiation hazards 


THE Eprror—-Sir, 

In his Sylvanus Thompson Memorial Lecture Sir 
Richard Doll (1981) discusses, among other important 
matters, the effects of irradiation zn utero. He uses Mole's 
(1974) analysis of the findings for twins from the Oxford 
Childhood Cancer Survey to support the conclusion that ex- 
posure to diagnostic X rays £n utero causes an enhanced risk 
of malignancy during childhood. Doll believes that it is 
"reasonable to ignore" the alternative hypothesis that 
mothers who are selected for X-ray examination on medical 
grounds tend, by virtue of their constitution, to bear children 
who are more vulnerable to childhood malignancies. How- 
ever, in common with Mole, he fails to point to a striking 
paradox in the data for twins and to evaluate statistical 
errors, 

If death-rates from leukaemias and solid cancers during 
the first ten years of life are calculated for the entire popu- 
lations (irradiated and unirradiated combined), first of 
singletons and then of twins, we find that the rates in twins 


10-4 in twins.) Considering that 5595 of twins were irradi- 
ated in utero in contrast to only 109; of singletons—leading 
us to expect that rates of childhood malignancies in twins 
would be about 20%, higher than in singletons—these find- 
ings are not readily accommodated to the causal view. On 
the other hand, and consistent with the causal interpretation, 
the relative risks (irradiated versus unirradiated) appear to 
be similar in singletons and twins. However, when we cal- 
culate the errors in the estimated relative risks we discover 
that the data for twins are, for present purposes, essentially 
uninformative. From the data in Mole’s (1974) Table 1 the 
relative risk of leukaemias in twins (irradiated versus un- 
irradiated) works out at 2.20 with 9594 confidence limits of 
1.34 and 4.17, as compared with 1.56 (limits 1.41 and 1.71) 
in singletons; for solid cancers the corresponding relative 
risks were 1.58 (limits 1.04 and 2.57) in twins and 1.50 
(limits 1.37 and 1.63) in singletons. That is to say, the 
estimated relative risks for twins have such wide error limits 
that they cannot be used legitimately to support the causal 
hypothesis. 

On another but closely related issue Totter (1980) con- 
tends that, when the full Oxford Survey data (Stewart and 
Kneale, 1970) are analysed in the “usual way" to relate ex- 
cess malignancies to radiation dose, no significant correlation 
is obtained. 

So far as I am aware the only study free from the compli- 
cations of medical selection that has sufficient statistical 
power to bear directly and critically on the causal versus 
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selection alternatives is that of the 1292 children who were 
irradiated 72 utero by the nuclear bombs at Hiroshima and 
Nagasaki (Jablon and Kato, 1970). The number of child- 
hood malignancies expected at Japanese national death-rates 
was 0.75; the excess deaths from all childhood malignancies 
expected on a simple linear extrapolation of Stewart and 
Kneale's (1970) original dose-response relation was 36.9. 
Only one death from a childhood malignancy was recorded. 
Although plausible justifications can be advanced for 
lowering the original estimate of 36.9, the gap between it and 
0.25 is not easy to bridge. Subtle selection factors related to 
distance from the hypocentre might have biassed the out- 
come but medical selection was not a complication. 

It is prudent to act as though antenatal irradiation in- 
creases the risk of childhood malignancies but we should not 
assume that the phenomenon has been established by valid 
scientific procedures. 

Yours etc., 
P. R. J. BURCH. 
Department of Medical Physics, 
University of Leeds, 
The General Infirmary, 
Leeds LS1 3EX. 
( Recerved March 1981) 
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The relationship of dose to prognosis in squamous 
cell carcinoma of the aerodigestive tract 


Tue Eprror-—Sir, 

The paper by Wollin and Kagan (1981) with this title 
gives me cause for concern. Essentially, the authors found 
little or no correlation between tumour cure rates and the 
ret doses received by tumours treated with different frac- 
tionation regimes, 

Although it is not stated precisely by the authors, the ret 
doses appear to have been calculated using the normal-tissue 
NSD formula of Ellis (1966), 7.e. 


Normal tissue NSD == total dose x N-9-24 x T9331. (1) 


where N is the number of fractions and T is the overall 
treatment time. In fact, Ellis (1969) used the following for- 
mula for tumours: 


Tumour NSD total dose x N-9.23 , ., (2) 


If five fractions per week are employed, equation (2) would 
give ret values 31°, higher for ten fraction regimes and 72%, 
higher for 100 fraction regimes than the ret doses calculated 
using equation (1). 

The Ellis formulae were based on the average slopes of the 
isoeffect curves for early and medium-term skin and qua- 
mous-cell carcinoma reactions over the range one to 30 
“daily” fractions. The curves were obtained by plotting iso- 
effect dose against overall treatment time on a log-log scale. 
The slopes so obtained are very dependent on the precise 


definition of overall treatment time as discussed by Liver- 
sage (1971) and in more detail by Liversage and Dale (1978). 

The paper by Wollin and Kagan appears to include 
regimes involving as many as 100 fractions; e.g. Andrews 
(1965) is quoted as giving total doses of 10000 cGy (rad) 
using daily doses as low as 98 cGy (rad). This is far outside 
the range of the data from which the Ellis formulae were 
derived. 

Experimental and clinical evidence from Douglas et al. 
(1975) and Dutreix ef al. (1973) on skin reactions suggests 
that the slope of the i1soeffect curve, obtained by plotting 
the logarithm of isoeffect dose against the logarithm of the 
number of fractions, decreases rapidly as the number of 
fractions exceeds 15 or 30. Dutreix et al. (1973) suggests that 
the curve may become horizontal above about 30 fractions. 
If this is so, the exponent of N in the Ellis NSD formulae 
would reduce to zero for values of N greater than 30. Should 
such a reduction in the slope of the isoeffect curve occur in 
the case of the tumours considered by Wollin and Kagan, the 
ret doses as calculated by equation (2) would be 3094 lower 
for regimes employing 100 fractions than they would be for 
isoeffect regimes employing 30 fractions. 

In view of the above uncertainties, it is not in the least 
surprising that Wollin and Kagan found little or no cor- 
relation between their calculated ret doses and tumour cure 

rates. | believe that for a given treatment regime the magni- 
tude of the dose delivered to the tumour can be critical and 
that radiotherapists and physicists should be encouraged to 
improve stil further the accuracy of their dosimetry. 

The lack of correlation between ret doses and tumour cure 
reported by Wollin and Kagan indicates to me that there is 
simply a lack of correlation between the isoeffect curve pre- 
dicted by the NSD formula used by these authors and the 
true isoeffect curve. 

Nobody knows the true shape of the isoeffect curve for the 
tumours discussed above but Wollin and Kagan could per- 
haps use the large amount of data they have collected in an 
attempt to determine the approximate shape of this curve for 
daily fractionation regimes. 

Yours, etc., 
W. E. LIVERSAGE. 
Radiation Physics Department, 
St. Bartholomew's Hospital, 
London ECIA 7BE. 
( Received February 1981) 
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CAuthors! reply) 


THe Eprror—-Sir, 

Dr. Liversage’s letter eloquently raises many of the issues 
with which we tried to grapple in our paper. The primary 
question we tried to answer was what role does dose, time, 
and fractionation play in curing cancer? Can we tell in per- 
centage terms what its contribution is? 

We found a low percentage contribution in the articles we 
studied. There are two main ways to question our methods. 
One is to question our statistical tests. The test we chose 
looks primarily at the ordering of the cases on any arbitrary 
scale you choose, whether normal tissue NSD, tumour 
NSD, or any other isoeffect formula you care to use. Thus 
the absolute value of NSD is not important, but whether all 
the cures are grouped around high values and the failures 
grouped around low values. 

The other way to question our methods is to say a better 
isoeffect formula would show a higher correlation or order 
the data better. Perhaps, but our point is that no matter 
what formula you use there are still factors that affect out- 
come but which are not included in those dose, time and 
fractionation isoeffect formulae. Because these factors are 
not present in the formula, the correlation will be poor. We 


used normal-tissue NSD in our paper. The reason we did so 
is that the correlation did not change whether normal-tissue 
or tumour NSD was used. 

Andrews (1965), for example, has two cases with 82 frac- 
tions and the rest with fewer. The majority of his cases 
(8095) received 45 fractions or fewer. There was no change 
in the correlation whether tumour NSD or normal-tissue 
NSD was used. Table I shows the comparison between the 
two for selected examples. If anyone wishes to try another 
isoeffect formula, we will gladly use it and subject it to our 
analysis. 

We do not doubt that radiation cures cancer or that im- 
proved dosimetry will increase cure. After all, one author is a 
physicist and the other a radiation therapist. But we would 
like a proper appreciation of what effect we are actually 
having on the overall cure rate. 

Yours, etc., 
M. WOLLIN, 

A. R. KAGAN. 
Radiation Therapy Department, 
Southern California Permanente Medical Group, 
Los Angeles, 
California, USA. 
(Received May 1981) 


TABLE I 


RPB 





€—— 


RPB? (?4) Significance at 0.05 level 


rri ana 


Source of data . Normal tissue | Tumour | Normal tissue | Tumour | Normal tissue | Tumour 
Fayos(1975) | —0.112. | - -0,130 12 1.7 NS p<0.05 
Shukovsky and Fletcher (1973) 

'Tonsillar fossa, T1, T2 —0.004 | — 0.061 0 0 NS NS 

'Tonsillar fossa, T3, T4 4- 0.225 4- 0.284 8.1 8.1 p 0.05 p«90.05 

‘Tonsillar fossa, all stages 40.120 4-0.106 1.4 1.1 NS NS 
Andrews (1965) 4- 0.163 -0.166 2.7 2.8 NS NS 





For references and an explanation of the table see the original article: Wollin, M. S. and Kagan, A. R., 1981. The relation- 


ship of dose to prognosis in squamous-cell carcinoma of the aerodigestive tract. British Journal of Radiology, 54, 36-39. 


Radiation doses in neutron therapy 


THe EDITOR-—SIR, 

Dr. Hornsey’s correspondence entitled "Appropriate 
RBEs for use in neutron therapy” (1980) correctly points 
out the hazard to normal tissue following the use of a 
"universal RBE of 3" to calculate equivalent doses of 
neutrons and photons in phase I and II clinical trials at the 
University of Washington. If one carries this concept to the 
next step, one arrives at the conclusion that neutron therapy 
was not superior to conventional therapy in treating head 
and neck cancer patients at the University of Washington. 
The reason for this, as shown in Fig. 1, is that if the RBEs 
are between four and five as determined radiobiologically, 
the total biologically effective doses in the mixed beam and 
all neutron schedules are significantly larger than the doses 
received by comparable patients who had T3, T4 head and 
neck lesions (often coupled with cervical adenopathy) and 
who were treated with photons during the same time span. 
In spite of these larger doses, there has been no significant 
improvement over photon therapy in the tumour response or 
in survival of the neutron-treated patients (Geraci, 19812; 
Laramore et al., 1979; 1980), except as reported in two pub- 
lications (Griffin et al., 1978; 1979). These two exceptions 
are reports in which errors were probably made by labelling 
neutron patients as mixed-beam patients (Geraci, 1981b). 
This is important since it is only the mixed beam option 
which is reported to give a significantly higher tumour- 
control rate than photon treatments. Therefore, the con- 


clusion presented in these two papers needs to be re- 
evaluated. 

'The substantial increase in normal-tissue damage and the 
absence of comparable increase in local tumour control in 
these patients also suggests that the neutron dose-response 
curve for damage to normal tissue is steeper than the 
neutron dose-response curve for local tumour control. These 
results are not good omens for the efficacy of neutron 
therapy of advanced head and neck cancers. 

| Yours etc., 
J. P. GERACI. 
Radiological Sciences, 
University of Washington, 
Seattle, Washington 98195, USA. 
(Received March 1981 and in revised form April 1981) 
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Percentage distribution of patients according to total radiation dose delivered following neutron (58 patients), mixed beam 

(47 patients), and photon (18 patients) treatments. Radiation doses of patients treated before May 1977 were obtained from 

the charts in the medical records department of the University Hospital. Patients treated with pre-operative radiation or 

neutron boost were excluded from this analysis. Patients had primary tumours of the oral cavity, oropharynx, hypopharynx, 

larynx and nasopharynx. The total photon-equivalent dose in Gy was calculated by multiplying the neutron dose by the 
indicated RBE and adding to it the photon dose. 


(Author's reply) 


THe Eprron— Sin, 

Dr. Geraci's letter highlights the problems that arise in 
converting neutron doses to equivalent photon doses by 
using any conversion factor or RBE. Eventually there will be 
sufficient information on response to neutrons for thinking 
and working in neutron dose alone. If comparisons are made 
between chemotherapy and photon therapy no one thinks 
of using a conversion factor to compare their effectiveness. 


However, as damage to tissues by neutrons is similar to that 
by photons we can use the relevant information to avoid 
overtreating patients. To avoid overtreatment, the RBE 
relevant to the limiting norrnal tissue must be used but only 
for fields which include that limiting tissue. 

The RBE of 5 previously proposed (Hornsey, 1980) at 
a photon dose of about 200 rad/fraction was for the CNS 
only and is therefore not appropriate for determining the 
tumour dose unless the tumour is in the CNS, We do not 
know the appropriate RBE for tumours but, clearly, if it is 
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the same or less than that for the limiting normal tissue, 
there will be no improvement in tumour control. Dr. Geraci 
suggests that no improvement in local control was ob- 
served in the Seattle trial except in two reports. This sug- 
gests that the RBE for this mixed bag of tumours was not 
higher than that for the limiting normal tissues. The 
rationale for neutron therapy is that some tumours, because 
of hypoxia or other factors, will have a high RBE, higher 
than the limiting normal tissues, and the present clinical 
trials will, we hope, determine which these tumours are. 
Already, some tumours for which the radiation treatment of 
choice may be neutrons are becoming clear—tumours of the 
salivary glands and perhaps those of the floor of the mouth. 
The latter tumours are particularly relevant to the present 
discussion because a contributory factor to the excellent 
results obtained with neutrons is that the neutron dose, un- 
like the photon dose, is not so limited by late damage to the 
jaw bone. The RBE for damage to bone is low due to the 
low absorption of neutrons in bone. 

In many ways it is misleading to use "equivalent dose” 
calculated by using an arbitrary RBE for comparing tumour 
doses. "Equivalent dose" is only useful in determining 
tolerance levels for normal tissues. The only relevant com- 
parison for tumour response is the response obtained with 
different modalities for tolerable and equivalent damage to 
normal tissue. 

Yours etc., 

SHIRLEY HORNSEY. 
MRC Cyclotron Unit, 
Hammersmith Hospital, 
Du Cane Road, 
London W12. 
(Received May 1981) 
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Preparation for barium enema 


Tue Eprrong— Sin, 

Many radiologists demand a period of semi-starvation for 
24 or 36 hours prior to a barium enema examination. During 
this period only clear fluids may be taken. 


Many patients find this difficult, in particular diabetics, 
the very old, and patients with active duodenal ulcers. ‘There 
exist elemental diet mixtures which are designed to leave no 
bowel residue—the so-called astronaut diet. These are de- 
signed for a few specific clinical conditions but do not appear 
to be widely used by radiologists. The fat they contain 1s 
medium chain triglyceride which is wholly absorbed. 

An example which has been found to be very satisfactory 
is Triosorbon, from BDH Pharmaceuticals Ltd. It is 
probably too expensive to be used as a routine preparation 
but is recommended for the groups mentioned above. 

Yours, etc., 
J. G. B. RUSSELL. 
X-ray Department, 
Saint Mary’s Hospital, 
Whitworth Park, 
Manchester M13 OJH. 
(Received May 1981) 


Calcification of the posterior longitudinal ligament 
of the spine 


THE Eprrog—51in, 

Regarding the letter from Park and Mourad (1980), I 
agree that the condition may occur more widely than 
reported, and would like to mention a report of 26 cases in 
South India by my colleagues and myself (Deshpande et al., 
1976). 

Yours, etc., 
I. DINAKAR, 
Department of Neurosurgery, 
Kurnool Medical College, 
Kurnool, India. 
(Received April 198T) 
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Obituary 
John Dedrickson Frye 


The death occurred at the end of February, 1981 of John 
Frye. He was 88 years old, a nephew of the late Cuthbert 
Andrews (maker of X-ray tubes and a past President of the 
BIR) and for over 30 vears his technical designer. 

John Frye was educated at St. Marylebone School and 
joined his uncle in 1915 when the small London X-ray tube 
factory of C. H. F. Müller of Hamburg was acquired from 
the Custodian of Enemy Property. He was involved in the 
problems of continuing manufacture of the existing models 
by the still largely German glassblowers and vacuum 
engineers and the development of the new "Mammoth" gas 
tube, produced in thousands for the War Department and 
other hospitals between 1915 and 1919, He then designed 
the "Leviathan" with a massive copper anti-cathode in an 
8 in diameter glass bulb; this was the ultimate in “‘gas- 
tubes". 


Between the wars, and after various patent disputes 
connected with the hot-cathode principle and the line-focus 
application of it, John Frye produced the "Protexray" tube, 
the only self-protected hot cathode tube of British manu- 
facture ever to be commercially successful. About 1933 he 
developed it further as the "Isolex" shockproof tube which 
may well have been the first oil-immersed X-ray tube ever 
put on the market. 

It was entirely due to John Frye's technical skill that this 
British-made X-ray tube was available in 1939 when Conti- 
nental sources were in enemy hands and American convoys 
were to be so gravely threatened by submarine warfare. 

He had been a widower for many years and his only 
daughter and son-in-law abandoned their life sailing the 
world and returned to care for him during the last few years 
of his life. 

R.C.A. 
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Radionuclides in gastroenterology 


Abstracts of papers presented at a meeting held on Wednesday, February 18, 1981 at The British Institute of 


Radiology, 32 Welbeck Street, London W1M 7PG 


Bile salts 
Chairman: Dr. M. V. Merrick 


Assessing small-intestinal function, by I. W. Percy- Robb. (7 ntroductory talk.) | | E 
Radioisotopes in testing ileal function, by M. van Blankenstein, J. W. O. v. d. Berg, R. de Groot and H, Delhez, 
Dynamic imaging of the entero-hepatic circulation with SeHCAT, by S. T. Meller, R. M. Kupfer, R. P. Jazwari, J. H. Payne, 


V. R. McCready and T. C. Northfield. 


The detection of ileal disease with SeHCAT, by H. Nylhin, M. A. Eastwood and M. V. Merrick, 
Detection of ileal dysfunction using SeHCAT, by Elizabeth A. Fagan, I. M. Baird and V. S. Chadwick. 
Hepatic clearance of a radiolabelled bile acid as a test of liver function, by J. H. Marigold. 


The proximal gut 
Chairman: Dr. D. N. Croft 
Gastric emptying revisited, by L. K. Harding. 


Gastric emptying of solids, by R. C. Heading, S. Holt, J. Reid, T. V. Taylor and P. Tothill. ] 
Interpretation of gastric emptying in patients with dyspepsia, by S. L. Grainger, Judith I. Gaunt, R. P. H. Thompson and 


D. N. Croft. 


Gastric mucosal uptake of pertechnetate—controversy and clinical applications, by J. G. Williams. 


Radioisotope milk scans in paediatrics, by I. Gordon. 


Radionuclide transit studies of the oesophagus, by ]. N. Blackwell, R. C. Heading, S. Holt, W. J. Hannan and P. Tothill. 

Observations of !*CO»s breath excretion patterns using an orally administered preparation of C-labelled cellulose, by 
J. M. Findlay, G. C. Hart, T. Srinivasan, B. Selby and K. M. Davis. 

The formation of functional images from the HIDA scan, by D. L. Hastings, R. W. Nicholson, R. A. Shields and H. J. Testa. 

Clinical applications of functional images from the HIDA scan, by R. W. N icholson, D. L. Hastings, R. A. Shields and 


H. J. Testa. 


Imaging diseased bowel with indium-111 labelled white cells, by 5. Saverymuttu, A. M. Peters, V. S. Chadwick, H. 


I. Hodgson and J. P. Lavender. 
ASSESSING SMALL INTESTINAL FUNCTION 
By I. W. Percy-Robb 
Royal Infirmary, Edinburgh 


This contribution consisted of a review of current ap- 
proaches to the investigation of patients with suspected in- 
testinal malabsorption and included methods for the assess- 
ment of intestinal absorption of dietary carbohydrate and 
fat. Physiological aspects of the entero-hepatic circulation of 
bile salts and methods currently in use for their investigation 
were also reviewed. 


RADIOISOTOPES IN TESTING ILEAL FUNCTION 


By M. van Blankenstein, J. W. O. v. d. Berg, 
R. de Groot and H. Delhez 


Department of Medicine 1H, Erasmus University, Rotterdam 
and Rotterdam | Radiotherapeutic Institute, Netherlands 


The ileum has two specific functions, the absorption of 
vitamin Bie and of conjugated bile acids. The latter function 
can be investigated by the (1—4C) glycocholate breath-test 
(GCA breath-test) and oral (24—!*C) taurocholate faecal- 
excretion test (TCA 'T/2). 

The GCA breath-test measures the bacterial deconjug- 
ation of MC glycine from cholate. The 14C glycine is 
subsequently converted to !ÓCOs and exhaled. In the test 
185 kBq (5 aCi) of 5C glycocholate is given in a Lundh 
meal and patients exhale hourly into a fixed amount of 
phenethylamine during 8 h. Bacterial deconjugation of 
glycocholate can result from bile acid malabsorption in the 





*No reprints of these proceedings are available. 


ileum, resulting in an overspill into bacteria-rich colon or 
from bacterial overgrowth of the small bowel. In bacterial 
overgrowth the peak value tends to occur within 4 h of the 
start of the test, while ileal malabsorption gives a peak later 
than 4 h. A more specific investigation for ileal bile-acid 
malabsorption is the TCA T/2 test. 185 kBq of (24-14C) 
taurocholic acid is given in a Lundh meal and stools are 
collected in 24 h periods for five days. A 1 ml sample from 
each 24 h stool collection is burned in oxygen, the CO» 
collected in phenethylamine and the radioactivity measured. 
The results are expressed as a 1/2. 

Normal volunteers and patients with non-ileal diarrhoea 
have a 1/2 of three days or longer. In practically all patients 
with ileal disease (Crohn's disease, resections and pelvic 
radiotherapy) the T/2 was under 2.5 days. An abnormally 
short T/2 with a normal ileum can be found in hormone- 
induced secretory diarrhoea and in post-vagotomy states. 
The use of *?SeHCA'T promises to simplify this test, as the 
whole 24-h stool collection can be measured without 
sampling. The use of this agent will enable any hospital with 
facilities for y counting to employ this sophisticated test for 
the intactness of the entero-hepatic bile-acid circulation. 


DYNAMIC IMAGING OF THE ENTEROHEPATIC 
CIRCULATION WITH SeHCAT 


By 5. T. Meller, R. M. Kupfer, R. P. Jazwari, 
J. H. Payne, V. R. McCready and T. C. Northfield 
Departments of Nuclear Medicine and Physics, 


Royal Marsden Hospital, and Department of Medicine, 
St. George's Hospital Medical School, London 


A ‘Se-labelled bile acid (SeHCAT SCQ3415, Radio- 


chemical Centre, Amersham) has been used in five healthy 
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volunteers to study the dynamics of the enterohepatic circu- 
lation of bile acids. The study was recorded on two success- 
ive days using a gamma camera/computer system. 900 kBq 
(25 pCi) SeHCAT was taken orally on the first day with a 
standard meal, and bile-acid recycling time was determined 
from the first appearance of SeHCAT in the liver and gall 
bladder. The small intestinal transit time was simultaneously 
measured by the hydrogen breath-test for comparison. On 
the second day the fasting distribution of SeHCAT was 
determined by static abdominal scintigrams. Gall-bladder 
contraction was then stimulated and a 2-3 h dynamic study 
recorded to study recirculation. In some subjects compara- 
tive data for gall-bladder emptying of a non-absorbable bile 
analogue (°9T'c™~HIDA) were available. 

'The SeHCAT curve was identical for the emptying phase, 
but then rose again. The difference between the two curves 
indicated gall-bladder refilling, and the point of divergence 
the bile-acid recycling time which agreed closely with the 
independent measurement obtained on the first day. Bile 
acid recycling time varied between 45 and 100 min (mean 62 
min), compared with 160-265 min (mean 195 min) for small 
intestinal transit time. The distribution of the bile-acid pool 
was also determined. When fasting, 34-68° (mean 52%) 
was in the gall-bladder, but this fell to à minimum of 9-267 
(mean 17%) during eating. We conclude that dynamic 
imaging with SeHCAT is a valuable non-invasive method 
for the study of the enterohepatic circulation in health and 
disease. 


THE DETECTION OF ILEAL DISEASE WITH SCHCAT 
By H. Nylhin 
University of Umea, Sweden, 
M. A. Eastwood and M. V. Merrick 
Western General Hospital, Edinburgh 


'The major site of absorption of conjugated bile acids is 
considered to be the distal ileum. Measurement of their 
absorption gives an indication of ileal dysfunction. This is 
now possible, using a selenium-tagged bile acid —SeHCAT. 

The aim of this study has been to evaluate SeHCAT' as a 
measure of ileal function in patients with documented 
disease of the ileum and colon. After administration. of 
37 kBq (14 Ci) SeHCAT orally the whole-body retention of 
SeHCA'T was measured on three occasions using a shadow- 
shield whole-body counter at 0, 4 and 7 days. Our controls 
were 20 persons free of gastro-intestinal disease. The study 
comprised 15 patients with Crohn's disease, two with jejuno- 
ileal bypass operations, 11 with ulcerative colitis and five with 
ileostomy following colectomy for severe colitis. 

At 14 days a whole-body retention of less than 35°, was 
regarded as abnormal. The patients with Crohn's disease 
confined to the ileum were below normal, as were the 
patients with jejuno-ileal bypass operations. The ileostomy 
patients also showed a reduced retention. At seven days a 
whole-body retention of less than 1295 is definitely abnor- 
mal, and below 179; probably abnormal. All but one of the 
patients with ulcerative colitis were within normal limits. 

Only one of the patients with small-intestinal Crohn's had 
a normal SeHCAT retention, and this patient also had a 
normal Schilling test and normal faecal bile-acid excretion. 
The figures for two other patients fell between 12°, and 17%, 
and for all the others were below 12%. As a whole, the 
whole-body retention in patients with small-intestinal and 
ileocaecal disease was significantly reduced both at four and 
seven days using Wilcoxon's Rank Sum Test at p « 0.001. 

As a conclusion, SeHCAT appears to hold promise as an 
easy and acceptable method to study ileal function. This 
study has to be regarded as a first view or introductory. We 
think that the SeHCAT warrants interest and further 
examination. 


DETECTION OF ILEAL DYSFUNCTION USING SeHCAT 


By Elizabeth A. Fagan, I. M. Baird and 
V. S. Chadwick 


Departments of Medicine, West Middlesex 
University Hospital, and Royal Postgraduate Medical 
School, London 


Whole-body retention of the y-emitting radioisotopic bile- 
salt analogue SeHCAT (taurine conjugate of 23(7?5e)-25- 
homocholic acid) after oral administration has been proposed 
as a discriminant test of ileal dysfunction. This test has been 
evaluated in ten normal volunteers, 17 patients with Crohn's 
disease (ten with previous resection) and three patients with 
ulcerative colitis, ! C-cholyl-/-glycine breath tests (six hour 
cumulative !4CO» excretion) and measurements of vitamin 
Bie absorption (standard Schilling test and whole-body 
counting technique) were performed in the same patients. 

Whole-body retention of SeHCA'T (410 kBq (11 pCi) 
dose) at 168 h was greater than 5% (range 6—5975) in all 
normal volunteers and all the six patients with disease 
confined to the colon (three Crohn's, three ulcerative colitis). 
The remaining 14 patients retained less than 5%, (range 
0—494), and all had disease and/or resection of the ileum. 

SeHCAT retentions at 0, 6, 12, 24, 48, and 96 h and daily 
faecal excretion were also measured. Retention at 96 h and 
faecal excretion over the first 48 h proved the most discrimi- 
nant of these; however, there were three and nine of the 
patients respectively with normal results in the ileal disease 
group (false negatives). Patients with colonic disease 
showed sub-normal faecal excretion of SeHCAT. A com- 
parison between SeHCA'T and the other function tests is 
shown below. 


14C cholyl 
SeHCAT SeHCAT glycine 


retention excretion breath test 


Vitamin Bis 
Schilling 
retention 


24h 


Heal 
disease 


96h 168h 48h 6h 


7 days 


False 
positive 0 0 0 
False 
negative 3 0 9 





Whole-body retention of SeHCAT at 168 h accurately 
detected the presence or absence of ileal disease or resection 
in 20 patients with inflammatory bowel disease. Good 
discrimination was also found with the standard Schilling 
test. Variations on the SeH CAT test were less discriminant. 
Faecal excretion of SeHCA'T was sub-normal in patients 
with active colonic inflammation. 


HEPATIC CLEARANCE OF A RADIOLABELLED BILE 
ACID AS A TEST OF LIVER FUNCTION 


By J. H. Marigold 
St. Thomas’ Hospital, London 


Conventional liver-function tests, such as alkaline phospha- 
tase and the aminotransferases, are not necessarily tests of 
liver-cell function, but merely reflect enzyme leakage from 
damaged hepatocytes. Measurement of the hepatic removal 
of bile acids from blood is theoretically a sensitive test of liver 
function, since bile acids are endogenous organic anions that 
are rapidly and exclusively removed by the liver, unlike the 
exogenous dyes (bromosulphthalien and indocyanine green) 
that have been used previously. Interest in bile acids for 
testing liver function was stimulated by the development of 
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methods permitting accurate measurement of their con- 
centration in blood. An intravenous glycocholic acid mass- 
loading test was soon replaced by a test using a tracer dose of 
14C-glycocholic acid. Although the initial results were 
promising, several reports have now confirmed that measure- 
ment of the intravenous clearance of 14C-glycocholic acid 
is not able to detect mild liver disease better than conven- 
tional liver function tests. This is because clearance after 
intravenous administration of a substance with a high hepatic 
extraction ratio is much more dependent on liver blood flow 
than on liver-cell function. 

When given orally, however, all of the bile acid has to pass 
through the liver before reaching the systemic circulation, 
and clearance is then more dependent on liver-cell function 
than on liver blood flow. Simultaneous tracer doses of HC- 
and ?H-labelled cholic acid have been given intravenously 
and orally, and the results have confirmed that the oral 
clearance is more sensitive to changes in liver function than 
the intravenous clearance. Other studies using mass doses 
of cholic acid or ursodeoxycholic acid have suggested these 
are sensitive tests. A study using !!C-labelled tracer and 
mass dose of chenodeoxycholic acid is in progress: addition 
of a mass dose to the tracer stresses the hepatic uptake 
mechanism, and this test should therefore be more sensitive 
than when the tracer dose is given alone. 


GASTRIC EMPTYING REVISITED 
By L. K. Harding 
Dudley Road Hospital, Birmingham 


Radioisotopic methods are preferable to aspiration or radio- 
logical techniques for measuring gastric emptying because 
they are not unpleasant for the patient, can be quantified 
continuously and provide a measure of the volume of meal in 
the stomach rather than the combined volume of meal and 
secretions. The position of the patient is important since 
emptying is gravity-dependent, especially after surgery. In 
order to examine early gastric emptying it is essential to 
determine the volume remaining in the stomach at each time 
interval, and this can be assessed by relating the peak count 
in the whole field of view to that in the stomach. Aspiration 
experiments confirm this assessment. Either a logarithmic or 
a linear description of the later phase of emptying is appro- 
priate but care must be taken not to include data in the 
analysis from when the stomach is almost empty. It is 
suggested that the emptying study should be discontinued 
when the volume in the stomach reaches half its peak value. 

A variety of radiopharmaceuticals has been used for 
gastric emptying but !!3In" has the advantage of a high y 
energy, short half-life, minimal adsorption onto the gastric 
mucosa and minimal absorption. The best type of meal to 
use depends on the purpose of the examination. The 
symptom of dumping is related to rapid early emptying of a 
liquid meal, whereas gastric stasis is associated with delayed 
emptying of a solid meal. 

There are three main sources of error in gastric emptying 
studies and these are additive. Scatter and septal penetration 
result in counts fram the stomach being detected outside the 
stomach area. A 16% underestimate of the peak volume 
occurs with an average stomach and the error is inversely 
proportional to stomach size. Movement forward of the 
stomach during the study causes an underestimate in 
emptying rate between 8% and 26°, but less with higher 
energy y rays. Finally, bowel overlap is significant in 
patients with large stomachs, notably those with gastric 
ulcer, and in these circumstances the technique is inapplic- 
able. 


GASTRIC EMPTYING OF SOLIDS 


By R. C. Heading, S. Holt, J. Reid, T. V. Tavlor 
and P. Tothill 


Departments of Therapeutics, Clinical Surgery and 
Medical Physics, Royal Infirmary of Edinburgh 


Although the basic techniques of scintigraphic measurement 
of gastric emptying are now well established, various 
radionuclide-labelled solid meals have been developed, each 
being promoted as an optimum indicator of "physiological" 
gastric emptying. We have undertaken a direct comparison 
of gastric emptying of a digestible solid (!!?In' labelled 
chicken liver) and of small inert particles (**'Tc* labelled 
paper squares) incorporated in a mixed solid-liquid meal to 
investigate the importance of the character of the solid in 
determining its emptying rate and pattern. 

On two occasions, six normal subjects were given the 
meal containing the labelled liver and the inert particles. 
On one occasion the liver was given as 1 cm cubes, on the 
other occasion as 0.3 cm cubes. Gastric emptying rates of the 
liver and of the particles were measured simultaneously by 
sequential scintiscanning. Subsequently, similar measure- 
ments using 1 cm liver cubes were carried out on five 
patients who had previously undergone gastric surgery. 

In the normal subjects, initial emptying of the liver was 
slower than that of the inert particles (p « 0.05) for both 
sizes of liver cubes. Liver emptving then accelerated to be 
faster than the particles (p « 0.05). Overall emptying of the 
liver given as small cubes was faster than large cubes, times 
to 50% emptying being 50 min and 70 min respectively. In 
the post-operative subjects, emptying of the liver and of the 
inert particles was identical. 

The differences in emptying of the two types of solid in 
normal subjects are consistent with the view that solid food 
such as liver is ground down and "liquefied" in the stomach 
prior to emptying. The size of ingested food particles 
apparently influences the rate of liquefaction and thus of 
emptying. However, although different emptying patterns 
are apparent, the fundamental difference in nature of the 
two types of solid has surprisingly little effect on the overall 
rates at which they are emptied from the stomach. 


INTERPRETATION OF GASTRIC EMPTYING IN PATIENTS 
WITH DYSPEPSIA 


By 5. L. Grainger, Judith I. Gaunt, 
R. P. H. Thompson and D. N. Croft 


Gastrointestinal Laboratory and Department of Nuclear 
Medicine, St. Thomas! Hospital, London 


Gastric emptying of radiolabelled solid, measured with an 
anteriorly placed gamma camera, does not appear to start 
for up to 2 h following a meal in some patients. Using *" Tc! 
poached egg-white as solid-phase marker, we have found 
that delayed emptying also occurs in patients with dyspepsia, 
but this might be due to an artefact arising from PA move- 
ment of gastric food. Alternatively it might be due to a real 
delay in emptying of solid from the stomach as a result, for 
example, of poor antral grinding. 

Linear regression analysis against time of the counts 
recorded for one hour within the region of interest (ROD 
outlining the stomach gave a horizontal line. If only the 
counts from 30-60 min were analysed, the emptying rates 
determined from the regression coefficients were similar to 
those studies where the effect of food movement was elimi- 
nated by double-headed counters. This method of analysis 
suggests an initial lag phase during which solid food fails to 
empty from the stomach. 
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A “lag time" was therefore calculated as the time at which 
the line describing the terminal phase, when extrapolated 
backwards, reached the level of the maximum counts in the 
ROI. The emptying rate from the slope of the terminal 
phase did not differ in eight control subjects or seven 
patients with dyspepsia; however, the lag time was signifi- 
cantly prolonged in the patients (p «0.05, Wilcoxon rank 
sum test), This study reveals abnormal gastric function in 
patients with dyspepsia. 


GASTRIC MUCOSAL UPTAKE OF PERTECHNETATE-— 
CONTROVERSY AND CLINICAL APPLICATIONS 


By J. G. Williams 
Royal Naval Hospital, Plymouth 


'Technetium-99m pertechnetate is known to concentrate in 
the stomach following intravenous injection, but there is 
controversy as to the cellular site of this uptake. Evidence for 
the parietal cell comes from an auto-radiographic study in 
cats and man (Meier-Ruge and Fridrich, 1969) and from the 
observation that gastric concentration of pertechnetate, as 
measured by aspiration or by external counting, correlates 
well with acid output when the stomach is stimulated by 
histamine (Wine et al., 1976), or pentagastrin (Taylor et al., 
1975). Evidence that the gastric mucus-secreting epithelial 
cell may be responsible comes from auto-radiographic 
studies in many different animals (Bartelink et al., 1966; 
Berquist et al., 1976; Chaudhuri, 1975, 1976; Priebe et al., 
1974) and from the observation that the unstimulated 
achlorhydric stomach in pernicious anaemia concentrates 
pertechnetate with an avidity similar to that seen in normals 
(Chaudhuri, 1977). Animal studies have shown that antral 
tissue devoid of parietal cells concentrates the isotope 
(Safaie-Shirazi et al., 1973, Keramidas et al., 1974; Chaud- 
huri et al., 1973). Finally, it has been shown that, in patients 
with peptic ulcer, gastric mucosal uptake of intravenous 
pertechnetate is increased by carbonoxolone but unaffected 
by cimetidine (Williams and Croft, 1980). On the evidence 
available it seems most likely that uptake occurs primarily in 
the mucous epithelial cells of the stomach, but that this is 
related to blood flow, the health of mucosal cells and the 
surface area of the stomach. 

Quantification of uptake using a single-scan technique has 
been used to estimate acid output (Taylor et al., 1979). 
Other clinical applications include the detection of ectopic 
gastric mucosa. This applies to conditions such as Barrett's 
oesophagus (Sailer and Janeway, 1978), retained gastric 
antrum (Chaudhuri et al., 1973; Sciarretta et al, 1978), 
gastrogenic cyst (Mark et al., 1973), intestinal duplication 
(Barkley et al., 1977) and Meckel's diverticulum (Berquist 
et al., 1976; Gelfand et al., 1978). In atrophic gastritis the 
stomach can be visualized, though uptake tends to be patchy 
in the presence of intestinal metaplasia (Bartelink ef al., 
1966). This may have clinical application in screening for 
pre-malignancy. 
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RADIOISOTOPE MILK SCANS IN PAEDIATRICS 
By I. Gordon 


Department of Paediatric Radiology, Hospital for Sick 
Children, Great Ormond Street, London WC1 


Gastro-oesophageal reflux constitutes a potentially serious 


disease in paediatrics. It is an important cause of vomiting 
and failure to thrive in infancy; when associated with 
aspiration it may be the cause of recurrent chest infections. 
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The barium swallow has been the major investigation but 
monitoring the oesophageal pH (Tuttle test) and lower 
oesophageal pressure have also been carried out. All these 
investigations have certain drawbacks. 

Orange juice/milk has been labelled with °*Tc™ sulphur 
colloid (185 kBq/ml). After ingestion of 100-200 ml of milk 
or orange juice the child lies supine over the camera face for 
one hour. Delayed images at 4 and 24 h are also obtained. 
All the data are accumulated onto an on-line computer 
(1 min per frame). The results are given in the table. 


Milk scan 


Positive Negative 


Barm Positive 


study 


Negative 





These results are in keeping with other published data. 
In the scan-positive patients there were four in whom 
aspiration into the lung was observed in addition to the 
gastro-oesophageal reflux, two with positive barium results 
and two with negative results. In all the barium positive 
cases only gastro-oesophageal reflux was detected, no 
secondary pulmonary aspiration being documented. There 
were five patients with a positive milk scan and a negative 
barium examination and ten patients with a negative milk 
scan and a positive barium examination. 

In children with clinical suspicion of gastro-oesophageal 
reflux, a barium meal is the first imaging investigation. If 
positive, no further steps are necessary. If negative, then a 
milk scan is the next investigation. When recurrent chest 
infection is being investigated, a milk scan is the only positive 
way of demonstrating aspiration from secondary gastro- 
oesophageal reflux. 


RADIONUCLIDE TRANSIT STUDIES OF THE OESOPHAGUS 


By J. N. Blackwell, R. C. Heading, S. Holt, 
W. J. Hannan and P. Tothill 


Departments of Therapeutics and Medical Physics, 
Royal Infirmary, Edinburgh 


Current methods of investigating patients with motility 
disorders of the oesophagus are unsatisfactory. Contrast 
radiography is insensitive and manometry is both time- 
consuming and uncomfortable for the patient. Our aim was 
to assess whether oesophageal radionuclide transit studies 
might prove a satisfactorily sensitive, objective and non- 
invasive method for identifying oesophageal dysfunction. 
Sixteen normal volunteers (aged 19-87 years) were studied 
to ascertain the normal range and reproducibility of transit 
times. A bolus of 20 MBq (500 &4Ci) of **"Tc* sulphur 
colloid in 10 ml of water was swallowed, with the patient 
positioned supine beneath a gamma camera linked to video 
recorder. Computer processing allowed analysis of time- 
activity curves for the upper, middle and lower thirds of the 
oesophagus. The average mean transit time in the normal 


e 


highly reproducible in the nine normal subjects who under- 
went a second study. 

The procedure was then undertaken twice on eight 
patients with diffuse oesophageal spasm, one with achalasia, 
one with scleroderma and one with non-specific dysmotility. 
Oesophageal dysmotility had been confirmed in all cases by 
manometry, being continuous in nine patients and inter- 
mittent in two. The total nuclide transit time (which proved 


the more useful measurement) was markedly prolonged in 
the nine patients who had persistent manometric abnormali- 
ties and covered a range from 20 to more than 120 s. In the 
two patients with intermittent dysmotility the total transit 
times were 9 and 13 s. 

Radionuclide transit measurement is a quick, comfortable 
and reproducible new procedure which should prove useful 
in identifying oesophageal disorders. 


OBSERVATIONS OF !4cQg BREATH EXCRETION 
PATTERNS USING AN ORALLY ADMINISTERED 
PREPARATION OF !ÓC-LABELLED CELLULOSE 


By J. M. Findlay, G. C. Hart, T. Srinivasan, 
B. Selby and K. M. Davis 


Department of Medical Physics, Duckworth Lane, 
Bradford, West Yorkshire BD9 6RF 


The hypothesis was examined that if man was fed a HC- 
labelled cellulose preparation, !*COs might be observed in 
expired air, indicating the possibility of cellulose metabolism 
in the GI tract. ?À *C-cellulose (ICN Pharmaceuticals) was 
prepared by photosynthesizing Canna indica leaves in an 
atmosphere of !*COs for 24 hours, other organic fractions 
being remeved subsequently by a series of washings. 

Three groups of patients were studied: 12 controls; six 
patients with colonic cancer before and after sterilization of 
the bowel and a low-residue regimen; and six ileostomy 
subjects. After fasting overnight the !4C-cellulose was 
administered and duplicate breath samples obtained over a 
period of 24 hours. 

Activity-time curves were drawn and the area under these 
curves was quantitated over four time-spans: 0-4 h, 4-8 h, 
8-14 h and 14-22 h. Whilst there is a wide variation in the 
amount of *!CO» expired within the control and pre-colon- 
sterilization groups, the amounts in the two groups are not 
significantly different. Patterns of response can be seen, and 
the amount of !4CO» expired is significantly (p « 0.01) re- 
duced in both the post-colon-sterilization and ileostomy 
groups. The data suggest that the preparation is metabolized 
both in the small and large bowel, but the amount recovered, 
although comparable with that from other established 
breath tests, is low and labelled impurities could account for 
some or all cf the observations. 


THE FORMATION OF FUNCTIONAL IMAGES FROM 
THE HIDA SCAN 


By D. L. Hastings, R. W. Nicholson, R. A. Shields 
and H. J. Testa 


Departments of Medical Physics and Nuclear Medicine, 
Manchester Roval Infirmary, Oxford Road, Manchester 


S"Tc"-labelled HIDA (H-diethyl-IDA) is a hepatobiliary 
imaging agemt which follows the same pathway as bile 
through the liver and biliary system. Gamma-camera images 
for a normal subject demonstrate the liver, bile ducts, gall 
bladder and mtestine, If the gamma camera is on-line to a 
computer acquisition and storage system, further inform- 
ation may be ebtained by generating activity-time curves for 
selected regions. 

In this presentation a new technique is described for 
presenting the HIDA images. On the computer one-minute 
images were acquired for one hour, and from these, six 
images were produced by summing three images at ten- 
minute intervals. A sequence of five different images was 
then derived by subtracting each summed image from the 
next. In order to eliminate negative numbers a large positive 
constant (10060) was added to each resulting pixel. Pixels 
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greater than the constant represented accumulation of HIDA 
during the interval between the two summed images, and 
pixels less than the constant represented elimination. 

The method for displaying the functional images is as 
important as the method of generation. Pixels greater than 
the constant are displayed in red and those less than the 
constant in green. 'The colour ramp has a total of 16 levels, 
and is black at the centre incrementing to full red in level 16 
and to full green in level one. Thus the brighter the red the 
greater the accumulation of HIDA, and the brighter the 
green the greater the elimination. 

'The functional images for a normal subject show accumu- 
lation in the liver and biliary tree in the first image and the 
subsequent ones clearly show elimination from the liver 
parenchyma, accumulation followed by elimination in the 
gall bladder and common bile duct, and movement through 
the intestine. 

These types of functional images are a coarse form of 
differentiation of the dynamic scan with respect to time. The 
information contained in them is the rate at which HIDA is 
being treated in different regions of the liver and bile ducts. 


CLINICAL APPLICATIONS OF FUNCTIONAL IMAGES 
FROM THE HIDA SCAN 


By R. W. Nicholson, D. L. Hastings, R. A. Shields 
and H. J. Testa 


Departments of Medical Physics and Nuclear Medicine, 
Manchester Royal Infirmary, Oxford Road, Manchester 


Functional images were generated from a series of HIDA 
scans as described in the previous paper. The results from 35 
scans were analysed to determine the clinical value of the 
technique of functional imaging, with particular reference to 
two specific situations. Firstly, differentiation between 
obstructive jaundice and hepatocellular disease, and secondly 
determination of the significance of the persistence of 
activity in the biliary tree on the analogue pictures. 

In general, little additional information is obtained from 
functional images over the analogue images, but it is, in 
certain respects, in a more easily readable form. 

In normal subjects there is usually a rapid uptake and 
prompt excretion of HIDA and often a transiently seen 
biliary tree which both fills and empties rapidly. In patients 
with epahtocellular disease, excretion may be slow and 
delayed, but is uniform over the liver as a whole. Patients 
with biliary obstructive disease tend to show a persistently 


filling biliary tree, but this is dependent on a reduced rather 
than totally absent flow of bile down the biliary tree. Thus, 
if no activity is seen to appear in any of gut, gall bladder or 
bile ducts, a total biliary obstruction cannot be excluded, 
and in such cases the technique remains incapable of 
accurately distinguishing between the two causes of jaundice. 
For this and other reasons, the HIDA scan must remain 
one of a team" of investigations available to the clinician. 


IMAGING DISEASED BOWEL WITH INDIUM- 1 
LABELLED WHITE CELLS 


By S. Saverymuttu, A. M. Peters, V. S. Chadwick, 
H. J. Hodgson and J. P. Lavender 


Hammersmith Hospital, London W12 0HS 


'The potential value of !!1In-labelled autologous white cells 
in localizing diseased bowel was studied in 40 patients with 
a variety of bowel disorders. White cells were separated 
from whole blood by first allowing the red cells to sediment at 
1 g for 30-45 min and then centrifuging the leucocyte and 
platelet-rich plasma at 100 g for 10 min. The cells, resuspen- 
ded in dextrose saline, were labelled with !!1 IUn-acetylacetone 
in 20 mM Hepes buffer. Scans were performed at 3h or 4 h 
and 24 h after reinjection of the white cells. Stools were 
collected for four days and the total ! ! In content measured to 
determine the percentage of the administered dose excreted. 

'The scans in control patients with the irritable-bowel 
syndrome showed the expected visualization of the liver, 
spleen and bone marrow and no other intra-abdominal 
localization. In the patients with Crohn's disease, early scans 
showed localization at the site of intestinal involvement. 
Later scans demonstrated a column of activity in transit in 
the bowel lumen distal to the site of initial localization. 
Faecal counting showed a mean recovery of 8% with a range 
of 2-349?4, the most strongly positive scan producing the 
greatest faecal recovery. Two patients with radiation 
enteritis showed a similar series of positive scans; one in 
whom faecal quantitation was performed excreted 13% of 
the dose. A patient with graft versus host disease with bowel 
involvement had a positive scan with 8% excretion. All the 
irritable-bowel syndrome patients had negative scans with a 
mean excretion of 0.495 (range 0-195). 

1In.labelled white-cell scanning, which is non-invasive 
and requires no preparation of the patient, is useful in localiz- 
ing diseased bowel and may prove to be an aid in assessing 
disease activity. 


Combined radiotherapy and chemotherapy: advantages, disadvantages— 


can radiobiology help? 


Abstracts of papers presented at a meeting held at The British Institute of Radiology, 32 Welbeck Street, 


W1M 7PG on Thursday, February 19, 1981 


Chairman: Dr. Dorothy Pearson 


The historical background of radiotherapy and chemotherapy in childhood cancers, by Dorothy Pearson. 
The advantages of combined radiotherapy and chemotherapy in childhood cancer, by M. Ruth Sandland. 
The problems of combined radiotherapy and chemotherapy in childhood cancer, by D. P. Deakin. 
Experimental combinations of cytotoxic drugs and radiation, by J. V. Moore. 


THE HISTORICAL BACKGROUND OF RADIOTHERAPY 
AND CHEMOTHERAPY IN CHILDHOOD CANCERS 


By Dorothy Pearson 


Christie Hospital and Holt Radium Institute, 
Manchester M20 9B.X 


The development of the treatment of children with cancer 
has taken place over a very short time. Before 1940 only 


- 


/ 


those tumours amenable to surgery could be treated. From 
that time radiotherapy came to be used in an increasing 
amount, and by the beginning of the next decade some 
tumours were being successfully treated by both surgery and 
radiotherapy or a combination of the two. 

Our knowledge, however, of the extent of childhood 
malignancy was unknown, so in 1953 the Manchester 
Children's Tumour Registry was set up to find out both the 
incidence of children's tumours and also how well the 
children were treated. 
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A study of the first ten years of the registry showed that 
there were 105 cases of malignant disease in childhood in the 
NW Region of England, in which the population of children 
under 15 years of age is one million. This survey also showed 
the many different tumours which occurred, and the success 
with the then available treatments. Apart from one or two 
exceptions such as retinoblastoma the cure rate for most was 
poor, rarely exceeding 3095, and zero in such diseases as 
leukaemia. 

With this background, when cytotoxic drugs were dis- 
covered it seemed natural to try them in these patients. 
Drugs have been used in the treatment of malignant disease 
since the last century, but it was not until 1943 that the first 
effective agent-—nitrogen mustard—was produced. By 1948 
patients with leukaemia could be induced into a remission 
with a folic acid antagonist. Since then other drugs have 
followed—-used at first for relapsed patients and then later as 
adjuvant treatment with surgery and radiotherapy. In all 
more than thirty drugs have been used in the paediatric field 
alone. These changes have led to improvements in survival 
but also problems, as radiotherapy and chemotherapy have 
to learn to live together to the best advantage. 


THE ADVANTAGES OF COMBINED RADIOTHERAPY AND 
CHEMOTHERAPY IN CHILDHOOD CANCER 


By M. Ruth Sandland 


l Department of Radiotherapy, | 
5t. Bartholomew's Hospital, and Hospital for Sick Children 
Great Ormond Street, London 


, 


The ability of chemotherapy to control metastatic disease in 
many childhood tumours has led to a re-evaluation of the 
role of different modalities in the ablation of the primary 
tumour, 

While surgical removal of the primary remains important 
in the treatment of certain tumours such as nephroblastoma, 
it is now possible in others, including rhabdomvosarcomata 
of the orbit and pelvic viscera, to avoid radical su rgerv with 
its consequent disability or deformity and relv rather on 
irradiation and chemotherapy. The current approach to 
these tumours is detailed. 

The use of more intensive chemotherapy regimes before 
initiating irradiation of the primary lesion makes it possible 
to consider smaller treatment volumes and even lower total 
doses without prejudicing local control rates. Indeed, in 
nephroblastoma, post-nephrectomy irradiation has been dis- 
carded in stage J cases, and in later stage cases with an 
increased risk of local relapse the dose used is lower than 
formerly. However, data on this point for some other tumours 
are conflicting, especially when the amount of bone irradiated 
and the dose employed are studied in Ewing’s sarcoma. 

By painstaking collaborative studies in special centres, so 
ably pioneered in this field in the USA, it is expected that 
combined treatment regimes of greater efficacy but with 
decreased undesirable short-term or long-term consequences 
will be devised, 
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THE PROBLEMS OF COMBINED RADIOTHERAPY AND 
CHEMOTHERAPY IN CHILDHOOD CANCER 
By D. P. Deakin 


Christie Hospital and Holt Radium Institute, 
Manchester M20 9BX 


Moist skin desquamation and confluent mucosal fibrin at 
1200 cGy in four days; 

Acute liver necrosis at 3000 cGy in four weeks; 

Acute pneumonitis at 2000 cGy in three weeks; 

Acute renal failure at 2000 cGv in three weeks and at 

1500 cGy in three weeks. 

It is now clear that actinomycin-D and adriamycin should 
not be given during the course of a radiotherapy treatment. 
Even when these drugs are given later a settling radiation 
reaction may be re-induced. Severe acute reactions may 
settle but lead to later impairment of structure and function 
of an organ. Some specific late effects are seen with com- 
binations of radiotherapy and chemotherapy, however. 
Study of children treated in Manchester on various protocols 
for acute lymphoblastic leukaemia reveals cerebral calcifica- 
tion in 335, The incidence varies with the different proto- 
cols but is highest when cranial irradiation and intravenous 
methotrexate are combined. Second malignancies are seen in 
some children cured of cancer by surgery or radiotherapy 
and the incidence of these may be increased by the addition 
of chemotherapy. Careful, long-term follow-up and docu- 
mentation are mandatory for all children treated for cancer. 


EXPERIMENTAL COMBINATIONS OF CYTOTOXIC 
DRUGS AND RADIATION 


By J. V. Moore 


| Paterson Laboratories, 
Christie Hospital and Holt Radium Institute, 
Manchester M20 9BX 


There is now a large experimental literature on the combina- 
tion of cytotoxic drugs and ionizing radiation. The great 
majority of studies have concentrated on (a) single doses of 
each agent, (4) experimentally accessible, i.e. rapidly renew- 
ing, normal tissues e.g. in gut, marrow and skin, and (c) 
intervals of a few hours between administration of modalities. 
For such intervals it has been possible to demonstrate (or 
infer) interactions between the effects of drugs and radiation 
in terms of altered capacity to accumulate or repair sublethal 
injury (ACT-D, ADR), synchronization of cells surviving a 
first treatment (VCR 7?) or recruitment of resting cells into 
cycle (HU). Enhanced radiation effects resulting from these 
interactions can be minimized and even some “protection” 
achieved by adjusting the interval between modalities. 
Favourable and unfavourable intervals established for single 
doses may also apply for daily fractions, which we illustrate 
here by the response of the small intestine to VCR and 
y rays. However, we also show that within this time scale of 
hours, optimal timing varies quite markedly between 
different combinations, even for drugs with ostensibly the 
same cell-cycle phase specificity. 

The advantages to be gained in terms of normal-tissue 
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sparing by increasing the interval between courses of agents 
to days or even weeks are discussed in terms of repopulation 
of cells and of phenomena such as “slow repair" in the lung 
(ADR). The constraint on this approach is the probability of 
regrowth of tumours which longer intervals might permit. 


Examples are cited of rapidly-growing rodent tumours for 
which longer intervals (ten days between CY and y rays) 
were actually advantageous in terms of tumour oxygenation 
and it is also shown that cure rates are not necessarily 
prejudiced, 


Radiobiology work-in-progress meeting 
Abstract of papers presented at a meeting held on Friday, February 20, 1981 in the Reid-Knox Hall, 32 Welbeck 


Street, London W1M 7PG 


Chairman: Professor R. J. Berry 


Induction of resistance to X rays in Æ. coli by toluene, by N. E. Gillies and N. H. Ratnajothi. 
A technique to predict and follow the biological effects of radiation and heat, by W. A. Cramp, J. Lunec, A. George, 5. 


Cresswell, G. Harris and I. Olsen. 


Relationship between cell-survival parameters—fact or artefact? by J. Kirk, G. F. Brunton and L. Wilson. 

Relationship between cell-survival parameters—a biological interpretation, by G. F. Brunton and J. Kirk. 

Interaction between X rays and neutrons, by N. J. McNally and J. de Ronde. 

Linearity of induction of micronuclei at low doses in bean roots, by I. Diehl-Marshall and M. Bianchi. 

The effect of dexamethasone on the radiation survival response and misonidazole-induced hypoxic-cell cytotoxicity in 
Chinese hamster cells V79-753B in vitro, by B. C. Millar and S. Jinks. | : 

The enhancement of effect of chemotherapeutic agents by nitroimidazoles, by W. M. C. Martin and N. J. McNally. 

A differential effect of misonidazole on the cytotoxicity of cyclophosphamide in tumour and normal tissues, by M. P. Law, 


D. G. Hirst and J. M. Brown. 


Kinetics of response to irradiation of normal tissues with differing proliferative organisation, by 'T. E. Wheldon, J. Kirk and 


A. S. Michalowski. 


The response of pig skin to non-uniform irradiation with beta-emitters of varying energy, by D. M. Peel and J. W. Hopewell. 
Gastro-intestinal lesions in thorax-irradiated mice, by A. 5. Michalowski. 


INDUCTION OF RESISTANCE TO X RAYS IN EF, COLI BY 
TOLUENE 


By N. E. Gillies and N. H. Ratnajothi 


Department of Biology as Applied to Medicine, 
The Middlesex Hospital Medical School, London W1P 6DB 


Treatment of E. coli K12 AB1157 with a low concentration 
of toluene (10 aM) in buffer for as short an interval as ten 
minutes induced a large shoulder in the X-ray survival 
curve. This effect was independent of the presence of oxygen 
at the time of irradiation. A small decrease in the final ex- 
ponential slope of the survival curve was also observed, 
which is attributed to chemical protection eflected by a 
small amount of toluene remaining after removal of the bulk 
of the chemical before irradiation. Although the mechanism 
of the effect is at present unknown, the alteration in the 
shape of the X-ray survival curve from exponential to sig- 
moid suggests that changes in the cell membranes to a more 
fluid configuration may occur. 'This would be expected if 
substantial removal of membrane proteins was caused by 
toluene, an effect known to occur after treatment with much 
higher concentrations of toluene (de Smet et al., 1978). Thus, 
increased membrane fluidity may be the basis of the induc- 
tion of the increased radiation resistance. Brief exposure to 
toluene did not cause genetically determined alterations in 
radiation sensitivity as evidenced by the finding that the 
shoulder in the survival curve was "lost" by applying one or 
other of two procedures to toluene-treated cells before they 
were irradiated. The first of these was incubation of the 
treated cells in nutrient broth at 37°C when the D, of the 
X-ray survival curve was approximately halved for each 
doubling in cell number. This effect we have termed meta- 
bolic dilution. 'T'he second was storage of the treated cells in 
buffer at 4^C, when the shoulder of the X-ray survival 
curve gradually disappeared over a very much longer time 
interval than during the first procedure. The mechanism of 
the loss of shoulder caused by the second procedure appears 


to be different from that of the first and we have called this 
physicochemical decay. 
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A TECHNIQUE TO PREDICT AND FOLLOW THE 
BIOLOGICAL EFFECTS OF RADIATION AND HEAT 


By W. A. Cramp, J. Lunec, A. George and 
S. Cresswell 


MRC Cyclotron Unit, Hammersmith Hospital, 
Du Cane Road, London W12 0HS 


and G. Harris and I. Olsen 
Kennedy Institute, Bute Gardens, London W6 


The nature of newly synthesized DNA in several mam- 
malian cell lines has been investigated by hydroxylapatite 
chromatography before and after irradiation and heating. By 
observing the extent of bonding between newly synthesized 
DNA and parent DNA in unirradiated cells it is possible to 
predict the relative sensitivity of the cell lines to radiation. 
The bonding between the DNA strands, daughter and 
parent, decreases with time after irradiation, reaches a 
minimum and then returns to background levels. The extent 
of this phenomenon is dose dependent and is more pro- 
nounced in the presence of oxygen. The relative sensitivities 
of cell lines to heat cannot be so readily predicted from the 
normal background degree of strand bonding. ‘There is 
however a close correlation between the lethal effect of heat 
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and a decrease in post-heating strand bonding. The change 
with time of strand bonding after heat is markedly different 
to the response after radiation. 


RELATIONSHIP BETWEEN CELL-SURVIVAL 
PARAMETERS —FACT OR ARTEFACT? 


By J. Kirk, G. F. Brunton and L. Wilson* 


Glasgow Radiobiology Group, Belvidere Hospital, 
London Road, Glasgow G31 4PG 


and 


| West of Scotland Health Boards, 
Department of Clinical Physics and Bio-Engineering, 
t1 West Graham Street, Glasgow G4 9LF 


A CHO cell line was serially sub-cultured to obtain a homo- 
geneous cell line (SA12). That line was irradiated and a 
further eleven cell lines were derived from small clones of 
partially damaged cells at different times after irradiation. 
All cell lines which can be effectively classed as separate sub- 
lines on an equal basis were grown in Hams F12 medium, 
irradiated in plastic culture flasks with 250 kV X rays (HVL 
2.5 mm Cu), and stained and cultured seven days later. 
Measured cell-survival fractions were in the range from 1 to 
3.7X 1073, The resulting cell-survival data demonstrated 
that curves with larger shoulders tended to have steeper 
terminal slopes and those with smaller shoulders smaller 
terminal slopes, indicating a possible relationship between 
cell-survival-curve parameters. 

Using only fits significant at the 5°, level, strong cor- 
relations between the parameters of these fits have been 
found for the following two-parameter cell-survival-curve 
formulations: multi-target (p « 0.01), quadratic (p < 0.0001), 
and Green-Burki (p < 0.001). 

The possibility of this parametric relationship being an 
artefact of data fitting was investigated by carrying out a 
Monte Carlo simulation of the experiment. The correlation 
of the parameters of the simulated cell-survival curves was 
significantly less than the original set (p « 0.05). 

Hill et al (1979) examined the radiation response of B16 
melanoma cells. From a single-cell suspension of a sub- 
cutaneously grown tumour, clones were irradiated and sub- 
cultured until survival curves could be obtained. Positive 
correlation was found between the parameters of the fits of 
these data to the multi-target (50.01) and quadratic 
(p « 0.01) formulae. The correlation is less impressive than 
for the SA12 lines, but the B16 clones do not arise from a 
homogeneous tumour. An equally good correlation (p « 0.01) 
1s observed between the parameters of various animal and 
human melanoma cell lines. 

On reviewing reported survival-curve parameters, the 
situation is much less clear for other cell lines such as HeLa. 
Factors which affect parameter values and might obscure 
possible relationships include changing from glass to plastic 
culture dishes—up to 40?5, and RBE——up to 20%. 

A relationship has been established between cell-survivai- 
curve parameters of the 3412 lines which is not an artefact 
of formulation or data fitting, which has been found in 
melanoma lines and may be identified in other lines. It must 
be concluded that radiation response may not be a constant 
feature of a cell line which can display different survival 
characteristics under different conditions and after trauma. 
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RELATIONSHIP BETWEEN CELL-SURVIVAL 
PARAMETERS-—A BIOLOGICAL INTERPRETATION 


By G. F. Brunton and J. Kirk 


| West of Scotland Health Boards, 
Department of Clinical Physics and Bio- Engineering, 
]] West Street, Glasgow G4 9LF 


and 


Glasgow Radiobiology Group, Belvidere Hospital, 
London Road, Glasgow G31 4PG 


Observation of a correlation between two supposedly in- 
dependent parameters characterizing three empirical cell- 
survival models (see previous abstract), neither explicable as 
a data handling artefact nor confined to a single cell line, has 
prompted reappraisal of the processes of radiation damage 
and repair. 

For a simple model of damage these are: (1) random 
spatial distribution of radiation energy ; (2) radiation damage 
assessed in terms of the number of hits received by indi- 
vidual cells; (3) onlv those cells with no hits at the time of 
measurement are clonogenic. 

T'wo possible repair mechanisms have been investigated: 
(a) one simple way of incorporating repair requires that only 
cells having a number of hits equal to or less than some fixed 
threshold number can repair and are clonogenic. This pre- 
dicts a shouldered survival curve where the surviving frac- 
tion Js: 
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À is the probability/unit dose that a cell receives 1 hit, D is 
the radiation dose, and m is the threshold number. This 
model has been fitted to the SA12 data described elsewhere 
giving significant fits in 8/12 sets (p « 0.05). Appropriate 
statistical analysis indicates that this model was comparable 
with the multitarget formulation. but inferior to both 
quadratic and Green-Burki formulations in describing the 
SA12 survival data. However, the assumptions presented do 
not permit cells to repair only partially, a feature high- 
lighted by an indication that non-integer threshold values 
would have yielded superior fits; (b) a more meaningful 
model of damage and repair requires the alternative assump- 
tion that there is a constant probability of repairing a hit, p, 
in the post-irradiation interval 7, independent of dose. This 
predicts a shouldered survival curve where the surviving 
fraction 1s: 
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Significant fits were obtained for 9/12 sets of the SA12 data 
and this model was compatible with the quadratic and 
Green-Burki formulations in its ability to describe the sur- 
vival data. A strong linear correlation (p < 0.001) was found 
between damage and repair; between probability/unit dose 
that a cell receives 1 hit (A) and the mean probability/unit 
time that a single hit is repaired (p). This model allows a 
more biological interpretation of the results than the more 
empirical models. 

Consideration of the work of Sparrow ef al. (1967) on the 
relation between multitarget Do and the chromosome 
volume, and the identification of a linear relation between 
A and D, for the SA12 data, leads to the conclusion that 
radiation damage and repair may be linked through the 
chromosome volume. 
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relationship of Do to chromosome volume and complexity 
in seventy-nine different organisms. Radiation Research, 
32, 915-945, 


INTERACTION BETWEEN X RAYS AND NEUTRONS 
By N. J. McNally and J. de Ronde 


Cancer Research Campaign Gray Laboratory, 
Mount Vernon Hospital, Northwood, 
Middlesex HA6 2RN 


V79 Chinese hamster cells have been irradiated with 250 kV 
X rays or neutrons generated by bombarding a thick beryl- 
lium target with 4 MeV deuterons produced in a 4 MV Van 
de Graaff accelerator. The survival-curve extrapolation num- 
bers were approximately 10 for X irradiation and 1.8 for 
neutron irradiation. Cells exposed to a primary dose of X 
rays and then immediately afterwards to graded neutron 
doses regarded the X-ray dose as equivalent to an iso- 
effective neutron dose. When the order of radiations was 
reversed the cells regarded the neutron dose as less than an 
isoeffective X-ray dose. The resulting X-ray survival curve 
had a reduced shoulder with no change in the slope, but the 
shoulder was reduced by more than the shoulder to the 
neutron survival curve. These results imply that the order 
of the two radiations matters in determining the ultimate 
level of survival. 

The interaction between X rays and neutrons when the 
X-ray dose was given first was used to measure RBEs at high 
levels of survival. | 

Preliminary results suggest that the RBE 
X-ray dose of 0.25 Gy. 


is about 4 at an 


LINEARITY OF INDUCTION OF MICRONUCLEI AT LOW 
DOSES IN BEAN ROOTS 


By I. Diehl-Marshall* and M. Bianchi 
CERN, Geneva 


The induction of micronuclei in the meristem of Vicia faba 
bean roots is a suitable effect for the study of damage pro- 
duced by low doses (Diehl-Marshall and Bianchi, 1981). 
The beans were irradiated with 99Co y rays, neutrons pro- 
duced by 600 MeV protons and neutrons from a ?9??Cf 
source. The neutron data (lowest dose 0.2 cGy) are best 
fitted to a linear equation. The best fit to the y data was ob- 
tained with a linear-plus-quadratic function, with the linear 
part being dominant in the region between 7 cGy and 20 
cGy. Extrapolation to zero dose for all three curves re- 
sulted in values which coincide with the controls. Further- 
more no dose-rate effect was observed for dose rates from 10 
cGy/h to 500 cGy/h in this region. Constant RBE values 


?320 f neutrons it reached 75-413. 
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THE EFFECT OF DEXAMETHASONE ON THE RADIATION 
SURVIVAL RESPONSE AND MISONIDAZOLE-INDUCED 
HYPOXIC-CELL CYTOTOXICITY IN CHINESE HAMSTER 
CELLS V79-753B IN VITRO 


By Barbara C. Millar and Sally Jinks 


Institute of Cancer Research, 
Sutton, Surrey SM2 5PX 


Overnight exposure of Chinese hamster cells, V79-753B, to 
pg quantities of the synthetic corticosteroid, dexamethasone, 
resulted in a decrease in sensitivity towards radiation, both 
in air and hypoxia. The effect was dose modifying and the 
oxygen enhancement ratio did not change appreciably. 
Similarly, when dexamethasone-treated hypoxic cells were 
irradiated in the presence of misonidazole, a hypoxic cell 
radiosensitizer, there was a decrease in radiation sensitivity 
compared with untreated hypoxic cells irradiated with 
misonidazole. The effect of dexamethasone cannot be attri- 
buted to classical radioprotection since administration of the 
drug immediately or 4.5 h before irradiation does not alter 
the survival response of hypoxic cells with or without 
misonidazole. Neither can this increased radioresistance be 
attributed to synchronization to a more resistant phase of the 
cell cycle since pretreated cells remain more radioresistant 
for at least 6 h after the removal of the drug. The data sug- 
gest that dexamethasone induces metabolic changes in cells 
which alter their radiosensitivity. Whatever metabolic 
changes may be occurring there was no effect on the uptake 
of 4C-misonidazole into dexamethasone-treated or control 
cells. However, there was a pronounced decrease in hypoxic 
cell cytotoxicity induced by misonidazole in cells pretreated 
with dexamethasone. The implications of these results are 
discussed. 


THE ENHANCEMENT OF EFFECT OF CHEMOTHERAPEUTIC 
AGENTS BY NITROIMIDAZOLES 


By W. M. C. Martin and N. J. McNally 


Gray Laboratory of the Cancer Research Campaign, 
Mount Vernon Hospital, Northwood, 
Middlesex HA6 2RN 


The radiosensitizing drug misonidazole (MISO) has recent- 
ly been shown to potentiate the cytotoxic effects of some 
chemotherapeutic agents, íe. to possess a "chemosensitiz- 
ing" ability. MISO has potentiated the action of melphalan 
and cis-platinum in viiro and the action of melphalan and 
cyclophosphamide (CY) in vivo in certain tumour systems. 
This paper describes work which investigates further the 
chemosensitizing effect of MISO in mouse tumours, and 
reports on normal-tissue toxicity in relation to white cell 
counts, LDso and effects on the bladder. Two experimental 
assays have been used, tumour-cell survival and tumour 
growth delay. Cells from subcutaneous (SC) tumours of the 
tissue-culture-adapted sarcoma WHFIB were found to ex- 
hibit repair of potentially lethal damage (PLD) between 4 
and 24 h after treatment by CY. 1 mg/g MISO given I h 
before CY inhibited this PLD repair and, independently, 
potentiated the cell kill at 4 h, so that potentiation of CY 
cytotoxicity was more marked at 24 h than at 4 h. When 
tumours were excised at 24 h after varying doses of CY, sur- 
vival was an exponential function of dose. 1 mg/g MISO 1h 
before CY was dose-modifying and gave a dose-modifying 
factor(DMF) of 2.1. Comparable effects were found using the 
regrowth delay assay. Other 2-nitroimidazole radiosensitizers 
also potentiated the action of CY. Ro 03-8799 was compar- 
able to MISO as a chemosensitizer, but Ro 05-9963 was 
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much less effective. Ro 12-5272 was effective at low con- 
centrations, but is limited by its poor solubility. MISO given 
6 h before CY, simultaneously, or even 2 h afterwards, 
caused significant potentiation of CY cytotoxicity, but 
MISO given 1 h before CY produced the optimum effect. 
There was a linear relationship between sensitizer dose 
and the regrowth delay following combined treatment. 
Since MISO has a short half-life in mouse tumours, the large 
effect seen when MISO is given 6 h before CY cannot be a 
function only of the amount of MISO in the tumour at 6 h 
after MISO injection. MISO also chemosensitized the ac- 
tion of melphalan on SC WHFIB tumours, as assayed by 
tumour cell survival at 4 h and at 24 h. When tumours were 
excised at 24 h after varving doses of melphalan, survival 
was an exponential function of dose. 1 mg/g MISO 1 h 
before melphalan was dose-modifving, with à DMF of 2.5. 
2mm WHFIB lung tumours did not exhibit repair of PLD 
after CY. They also showed a smaller degree of potentiation 
of CY cytotoxicity by MISO. 

The effects on normal tissues have been generally en- 
couraging: (1) The leukopaenia following 100 or 150 mg/kg 
CY was not significantly increased by 1 mg/g MISO 1 h 
earlier. (2) The LDso;so of CY in non-tumour-bearing 
WHT mice, 260 mg/kg, was altered by less than 10%, by 1 
mg/g MISO 1 h before the CY. (3) Measurements of urin- 
ation frequency in mice following CY treatment showed an 
increase over untreated controls, which was reduced in mice 
who had 1 mg/g MISO 1 h prior to the CY. However, this 
result may be complicated by an effect on the fluid uptake of 
mice receiving the combined treatment. 

Although the sensitizer doses used in this work were 
above those used in the clinic, significant chemosensitiz- 
ation has been achieved. The combination of a 2-nitro- 
imidazole and a chemotherapeutic agent carries the poten- 
tial for improving the treatment of metastatic disease. 


A DIFFERENTIAL EFFECT OF MISONIDAZOLE ON THE 
CYTOTOXICITY OF CYCLOPHOSPHAMIDE IN TUMOUR 
AND NORMAL TISSUES 


By Marilyn P. Law*, D. G. Hirst and J. M. Brown 


Department of Radiology, 
Stanford University School of Medicine, 
California 94305, USA 


The effect of misonidazole on the response of an experi- 
mental tumour and two normal tissues to cyclophospha- 
mide was investigated in C3H/km mice. 

Mice bearing RIF-1 tumours in the gastrocnemius muscle 
were given misonidazole (IP) before cyclophosphamide 
(IP). The response of the tumour was measured by growth 
delay and by cell survival estimated using a cloning assay at 
24 h after the cyclophosphamide treatment. 

'The doses of misonidazole used (250-1000 mg/kg) had no 
effect on tumour growth or cell survival. Misonidazole, 
however, enhanced the cytotoxicity of cyclophosphamide as 
measured by both endpoints. For a single treatment, en- 
hancement was maximal when misonidazole was given 0.5— 
2 h before cyclophosphamide. The enhancement ratio, de- 
fined as the dose of cyclophosphamide alone divided by the 
dose of cyclophosphamide with misonidazole required to 
cause a given effect, increased with increasing dose of miso- 


*Present address: MRC Cyclotron Unit, 
Hospital, Du Cane Road, London W12 OHS. 


Hammersmith 


nidazole up to a maximum at 250 mg/kg. An enhancement 
ratio of 2 was observed when misonidazole (750 mg/kg) was 
given 30 min before doses of cyclophosphamide 2 to 50 
mg/kg, but the enhancement ratio decreased to 1.3 as the 
dose of cyclophosphamide was increased to 150 mg/kg. For 
five daily treatments enhancement increased with cyclo- 
phosphamide dose up to 25 mg/kg per injection. 

Survival of bone marrow stem cells at 24 h after injection 
of cyclophosphamide was measured using the spleen colony 
assay, Misonidazole (750 mg/kg) did not enhance the effect 
of lower doses (< 100 mg/kg) of cyclophosphamide, but a 
small enhancement (enhancement ratio 1.1-1.2) was seen 
for higher doses (100—200 mg/kg). 

Circulating white blood cells were counted at four days 
after treatment when the depletion due to cyclophosphamide 
was maximal. The white-cell count was slightly lower when 
cyclophosphamide (20-200 mg/kg) was given 30 min after 
misonidazole (750 mg/kg) than when cyclophosphamide 
was given alone. A differential white-cell count showed that 
misonidazole had no effect on the response of lymphocytes 
to cyclophosphamide, but that the lowering of the total 
white-cell count could be accounted for by direct misoni- 
dazole cytotoxicity to neutrophils. 

'These experiments suggest that a therapeutic gain may be 
obtained by combining misonidazole with cyclophospha- 
mide. 


KINETICS OF RESPONSE TO IRRADIATION OF NORMAL 
TISSUES WITH DIFFERING PROLIFERATIVE 
ORGANIZATION 


By T. E. Wheldon, J. Kirk and A. S. Michalowski 


MRC Cyclotron Unit, Hammersmith Hospital, 
London W12 OHS and Radiobiology Group, 
Belvidere Hospital, Glasgow G31 4PG 


It has been proposed that tissues can be separated into two 
categories (Michalowski, 1981). In type H (for "Hierarchi- 

") tissues there exists a distinct clonogenic stem-cell 
compartment. The stem cells differentiate into irreversibly 
post-mitotic (mature) cells which perform tissue-specific 
functions. Irradiation initiates a depopulation of mature 
functional cells which proceeds at a steady rate independent 
of the dose but dependent on the steady-state kinetics (e.g. 
"turnover time") of the tissue. It is well-recognized for 
several tissues (e.g. bone marrow, GI tract) that the time of 
expression of damage to function is a constant independent 
of the dose. 

In type F (for “Flexible’’) tissues, there is no distinct 
“stem cell" compartment but all cells are capable of pro- 
liferation and of performing tissue-specific functions. In 
this case, irradiation initiates a depopulation which begins 
slowly but accelerates as homeostatic compensatory pro- 
liferation reveals the lack of clonogenic capacity of radiation- 
sterilized cells. These processes follow a kinetic pattern in 
which the radiation dose is responsible not only for the 
magnitude of the damage to function inflicted, but also for 
the time of its expression: earlier expression occurs with 
higher doses. 

Mathematical modelling of the response of a type F popu- 
lation confirms these qualitative features. Simulations in- 
corporating reasonable values of the various parameters in- 
dicate that the time of expression of functional damage is 
dependent on dose only for relatively low doses ( < 10-20 
Gy) and that this dose-dependence i is progressively lost at 
higher doses. 
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For some organs, experimental evidence indicates that 
the time of expression of damage is dose-dependent at con- 
siderably higher doses and that this may be due to another 
mechanism such as the capacity of clonogenically doomed 
cells to undertake a few divisions. 


REFERENCE 
MicHALOwsKI, A. S., 1981. Effects of radiation on normal 
tissues: hypothetical mechanisms and limitations of in 
situ assays of clonogenicity. Radiation and Environmental 
Biophysics (in press). 


THE RESPONSE OF PIG SKIN TO NON-UNIFORM 
IRRADIATION WITH BETA-EMITTERS OF VARYING 
ENERGY 


By D. M. Peel and J. W. Hopewell 


Churchill Hospital Research Institute, 
Zntversity of Oxford 


In a study of the non-stochastic effects of B-emitters on pig 
skin, the acute reactions after 9°Sr (Emax 2.27 MeV, range in 
tissue 8.0 mm) and !?*'T'm (Emax 0.97 MeV, range in tissue 
3.2 mm) irradiations were observed. Strontium produced the 
characteristic two-wave response, a first wave from weeks 
1-9 with a maximum reaction of bright red erythema and 
moist desquamation, and a second wave from weeks 10-16 
with maximum reaction. mauve erythema and dermal 
necrosis, Thulium irradiation produced only the first wave 
of the reaction. 

This supports the theory that the first wave is due to the 
epithelial response, i.e. damage to the basal-cell layer and the 
papillary plexus of blood vessels, and the second wave is due 
to damage to the deep dermal plexus of vessels which re- 
ceives a low dose from the lower energy thulium irradiation. 

Irradiations with a 2 cm diameter strontium source pro- 
duced a given epithelial reaction at approximately half the 
dose required from a 1 cm source, while thulium showed no 
difference in response between the two sizes. This is ex- 
plained by the high proportion of surviving epithelial cells 
in the hair follicles and rete-pegs. 


GASTRO-INTESTINAL LESIONS IN THORAX-IRRADIATED 
MICE 


By A. S. Michalowski 


MRC Cyclotron Unit, Hammersmith Hospital, 
London W12 0HS 


The thorax of five-week-old female HC/CFLP mice was ir- 
radiated with a single dose of 14 Gy fast neutrons. Of 149 
mice, 144 (97%) died during the first 28 days after exposure. 
Death at this time has generally been assumed to be due to 
radiation oesophagitis and its complications (Phillips and 
Ross, 1974). The remaining five mice died by day 55. All the 
animals were submitted to post-mortem and microscopic 
examination. Unexpectedly, three modes of mortality were 
seen, their peak times occurring at days 5, 10 and 20. This 
finding alone was suggestive of multiple causes of death. In 
the 144 mice which died during the first four weeks after 
thoracic irradiation, ulcerative oesophagitis was found at 
death in 95 (66%), and was complicated by perforation of 
the oesophagus in 12 animals (8°). Some other autopsy 
findings included the presence of plant material (presumably 
food particles) in the lumen of trachea and bronchi (1894), 
bronchopneumonia (1595), and the denudation of bronchi 
with diffuse pneumonitis (4075). A totally unexpected 
finding was the presence of duodenal/gastroduodenal ulcer 
(30945), ulcerations of the small (1595) and large intestines 
(7925) and melaena (3125). The dose of scattered neutrons to 
organs of the epigastric region was 13%, of that in the centre 
of the radiation field, i.e. less than 2 Gy. This figure, as well 
as the sharp delineation of the ulcers (which are not a normal 
response to irradiation) surrounded by normal mucosa, sug- 
gested that the observed gastrointestinal lesions fell into the 
category of abscopal effects of radiation. Although less 
detailed experiments have been performed with X rays, the 
general pathological features are similar after low LET 
radiation. 

In a separate experiment 23 out of 24 adult female CFLP 
mice irradiated to their thorax with 16 Gy or more of X rays 
developed duodenal or gastroduodenal ulcer by day 9-4-1 
after exposure, while none was seen in 20 animals exposed to 
13 Gy or less. A similar dose-dependence was observed at 
six weeks. 


REFERENCE 
PuiLLies, T. L. and Ross, G., 1974. Time-dose relation- 
ships in the mouse oesophagus. Radiology, 113, 435—440. 





The British Institute of Radiology Awards 1981 


The following awards have been made by the Council 
of the British Institute of Radiology and were 
presented at the Annual Dinner of the Institute on 
Thursday, 9th April, 1981. 

The Barclay Medal to Dr. H. M. Saxton, of Guy's 
Hospital, London, for outstanding contributions to 
diagnostic radiology particularly in the field of the 
urinary tract. 


The Barclay Prize to Dr. D. R. White of St. 
Bartholomew's Hospital, London for his contri- 
butions to the physical aspects of diagnostic radiology. 

The Róntgen Prize to Professor D. M. Taylor of 
the Institute for Genetics and for Toxicology of 
Fissile Materials, Karlsruhe, Germany for his con- 
tribution on the metabolism of plutonium-239 and of 
various radiopharmaceuticals in animals and in man. 
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32 Welbeck Street, London W1M 7PG. 


FELLOWSHIPS AND GRANTS FOR CANCER RESEARCH 

'The International Union against Cancer invites appli- 
cations for: Cancer Research Campaign fellowships (dead- 
line October 1); Eleanor Roosevelt International Cancer 
fellowships (deadline October 1); Yamagiwa-Yoshida 
Memorial International Cancer Study grants (deadline 
December 31); and International Cancer Research Tech- 
nology Transfer Programme grants (applications as soon as 
possible). Details and application forms from: UICC, rue du 
Conseil-Général 3, 1205 Geneva, Switzerland. 


INTERNATIONAL SYMPOSIUM AND COURSE ON ABDOMINAL 
ULTRASOUND 

Turku, Finland, August 10-12, 1981, organized by the 
Radiological Society of Finland and the European Associ- 
ation of Radiology. Language: English. Guest speakers: C. 
R. Hill, H. H. Holm, M. Johnson, A. Kratochwil, C. 
Metreweli, E. H. Smith and F. Weill. Two “free communi- 
cations" sessions, for which 10 minute papers are invited: 
abstracts to be submitted with registration. ‘Technical exhi- 
bition and social programme. Information and registration: 
xd pue Ab, Yliopistonkatu 29 c B, SF-20100 Turku 10, 
"inland. 


SOCIETY or NUCLEAR MEDICINE EUROPE 
19TH ANNUAL CONGRESS 
September 8-11, 1981. Information: President Dr. H. 
Rósler, Department of Nuclear Medicine, Inselspital, 3010 
Bern, Switzerland. 


Contrast MEDIA. FUNDAMENTALS AND CLINICAL 
APPLICATION 

The Department of Diagnostic Radiology of the Univer- 
sity of Rochester will offer a two-and-a-half day course on 
Contrast media: fundamentals and clinical application, 
September 21-23, 1981. The philosophy of this course is to 
review the fundamental chemical, physical, physiological, 
and toxicological properties of radiopaque media and to 
describe the relationship and importance of these properties 
to radiological application and diagnoses. The curriculum 
will provide a thorough introduction to contrast media for 
residents, Fellows, and junior faculty as well as a refresher 
course for the more experienced radiologist. The knowledge 
conveyed should be useful in the clinical setting and in the 
laboratory. For further information, contact Harry W. 
Fischer, M.D., Chairman, or Michael R. Violante, Ph.D., 
Course Director, Department of Radiology, PO Box 648, 
University of Rochester Medical Center, Rochester, New 
York 14642; phone (716) 275-2617. 


SKELETAL RADIOLOGY 

The Eighth Refresher Course of the International Skeletal 
nc will be given in Madrid, Spain, September 25-27, 
1981, 

For further information, please write to: A. Bonakdarpour, 
M.D., Department of Diagnostic Radiology, Temple Uni- 
versity Hospital, 3401 North Broad Street, Philadelphia, 
PA 19140, USA ; or Prof. Dr. Friedrich W. Heuck, Zentrales 
Róntgeninstitut, Katharinen Hospital der Stadt Stuttgart, 
Kriegsbergstrasse 60, Stuttgart 1, Germany. 


EUROPEAN ASSOCIATION OF RADIOLOGY 
II EUROPEAN SYMPOSIUM ON INTERVENTION RADIOLOGY 
Venice, Italy, September 28-October 3, 1981. Informa- 
tion: Istituto di Radiologia Universita, Viale Benedetto XV, 
10, 16132 Genova, Italy. 


THe Facutty or RAptoLoaisTs or THe ROYAL COLLEGE OF 
SURGEONS IN IRELAND 

21st Anniversary Meeting, Dublin, October 2-3, 1981: 
jointly with The British Institute of Radiologists, The 
Royal College of Radiologists, and The Royal Society of 
Medicine. Diagnostic and therapy sessions; topics to in- 
clude radiology in renal failure and radiology of trauma. 
The BIR Presidential Address for 1981, "Chest radiology — 
guesswork or science?” will be given by Dr. D. H. Trapnell. 
Technical exhibition. Details: Miss A. Daly, Faculty of 
Radiologists, Royal College of Surgeons in Ireland, St. 
Stephen's Green, Dublin 2. 


SYMPOSIUM OF RADIOLOGICAL PHYSICISTS 
BRATISLAVA, CZECHOSLOVAKIA, OCTOBER 5-7, 1981 

Topics proposed are: radiation dosimetry of high-energy 
electrons, X and y rays, and neutrons; computer planning of 
radiotherapy treatment; radiation protection of patients and 
staff during radiotherapy. Languages: Slovak, Czech and 
English. Registration fee $50. Further details from the 
Slovak Medical Society, Congress Office, Mickiewiczova 18, 
883 22 Bratislava, Czechoslovakia. 


DIAGNOSTIC [MAGING IN MEDICINE COURSE 

October 11—23, 1981, Estoril, Portugal. Sponsored by 
NATO Advanced Study Institute and The George 
Washington University Medical Center. Registration $95.00 
(no other charge). CME Category I credits available. Sub- 
jects include: nuclear, ultrasound, CT, NMR, and X-ray 
imaging, clinical and experimental. For application to attend 
write: Richard C. Reba, M.D., Division of Nuclear Medi- 
cine, George Washington University Hospital, 901 Twenty- 
Third Street, NW, Washington, DC, 20037. Phone: 
(202) 676—3458. 


Roya. COLLEGE OF PHYSICIANS AND SURGEONS OF 
GLASGOW SYMPOSIUM ON "CHOICES IN ORGAN IMAGING 
WHEN TO DO WHAT" 

This symposium will be held in Glasgow on Wednesday, 
October 14, 1981. Chairmen: Dr. J. K. Davidson, Dr. W. B. 
James and Dr. J. G. Duncan. Speakers: Dr. 5. R. Wild, 
Dr. E. Barnett, Dr. D. A. R. Robertson, Dr. ]. C. Rodger, 
Prof. I. Isherwood, Prof. J. J. K. Best, Dr. M. V. Merrick 
and Dr. P. Morley. Registration fee £10. Applications and 
information: The Hon. Secretary, Royal College of Physi- 
cians and Surgeons of Glasgow, 234—242 St. Vincent Street, 
Glasgow G2 SR] (phone 041—221 0241). 


THe SHort AND Lonc Term BIOLOGICAL CONSEQUENCES 
or Exposure TO RADIATION 
Middlesex Hospital, London. Tuesday, October 13, 1981. 
Enquiries to the Programme Committee Secretary, Professor 
]. H. Martin, Department of Medical Biophysics, Blackness 
Laboratory, University of Dundee, Dundee DD1 4HN. 
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RADIOBIOLOGY WORK-IN-PROGRESS MEETINGS 

Meetings during the coming year at the Institute include 
“Subcellular targets, including ultrastructural damage”, 
November 20, 1981; a general meeting on February 26, 1982 
and “Late damage to normal tissues after radiotherapeutic 
doses" on May 21, 1982. The all-day Saturday meeting will 
be on November 21, 1981, on “The effects of small doses— 
the basis of radiation protection”. 

Please note all meetings will be held at the BIR's new 
address, 36 Portland Place, London W1. 


THE RADIOLOGICAL DIAGNOSIS AND 
‘TREATMENT OF THYROID DISEASE 
WEDNESDAY, NOVEMBER 18, 1981 
This all-day meeting, organized by the BIR Nuclear 
Medicine Committee, will be held in London (venue to be 
announced). The meeting will cover all aspects of thyroid 
disease, including the use of isotopes. There will be some 
invited speakers but proffered papers are invited and should 
be sent to: Dr. John Frank, The Wessex Regional Depart- 
ment of Nuclear Medicine, Southampton General Hospital, 
Southampton SO9 4X Y before August 31, 1981. 


SAFETY Review AND INSPECTION OF NUCLEAR POWER 
PLANTS 

The International Atomic Energy Agency will hold a 
seminar in Vienna from November 23-27, 1981. Further in- 
formation and participation forms from D. A. Herbert, 
Department of Energy, Atomic Energy Division, Thames 
House South, Millbank, London SW1P 40] (phone 01-211 
6850). Abstracts of proffered papers by August 14, appli- 
cations by September 30. 


PagbDiATRIC Raprotocy 1981 
GREAT ORMOND STREET, LONDON, NOVEMBER 26-27 

‘This annual two-day course is designed for consultants 
and senior registrars. The theme will be the gut; other topics 
covered will include jaundice, hypertension and the neo- 
natal big head. Speakers will include paediatricians, paedi- 
atric surgeons and endoscopists; there will be opportunity for 
open discussion, 

There are a limited number of places. Cost £40. Full 
details: Dr. I. Gordon, Department of Paediatric Radiology, 
Hospital for Sick Children, Great Ormond Street, London 
WC! (telephone 01—405 9200). 


British MEDICAL ULTRASOUND SOCIETY 
The 1981 Annual Meeting will be held on December 
14-15 at the University of London Union, Malet Street, 
London WC1. Proffered papers are invited; abstracts 
should be sent to Dr. W. Hately, X-ray Department, 
London Hospital, Whitechapel, London E1 1BB to arrive 
not later than August 31, 1981. 


6TH Carvat INTERNATIONAL MEETING ON Bopy CT AND 
New IMAGING 

This meeting, organized and directed by Plinio Rossi, 
M.D. and Roberto Passariello, M.D., will be held in Rome 
from February 1-5, 1982, at the Hilton Hotel. The pro- 
gramme is based on technical and clinical advances in 
ultrasound, fast body C'T and new imaging (digital angi- 
ography, nuclear magnetic resonance, emission tomography, 
etc.). A limited number of proffered papers will be accepted 
after evaluation. 

Lectures will be given by European and American guest 
speakers: R. Alfidi, A. Baert, E. Buonocore, A. Crummy, 
P. Dean, W. Frommhold, W. Fuchs, C. Lachner, J. L. 
Lamarque, M. Lipton, T. Meaney, L. Ovitt, C. Pedrosa, 
N. Schad, P. Sheedy, M. Ter-Pogossian, A. Van Voorthui- 
sen and M. Wholey. Official languages will be English and 
Italian with simultaneous translation. Registration fee: $140 
before November 30; $200 afterwards. 

Information: Plinio Rossi M.D., 2a Cattedra Istituto di 
Radiologia, Policlinico Umberto 1, 00161 Roma, Italy. 
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INTERNATIONAL SYMPOSIUM ON CoMPUTED ‘TOMOGRAPHY 
SET gp 
The Department of Radiology, University of Munich and 
the Department of Diagnostic Radiology, National Institute 
of Health, Bethesda USA, will present an International 
Symposium on Computed Tomography from January 28- 
30, 1982, at Seefeld Tyrol, Austria. Topics to be discussed 
will be pelvis, mediastinum, high densities, contrast medium 
and CT craniocervical and spinal C'T. There will be simul- 
taneous translation in English and German. 
For further information, contact Prof. Dr. J. Lissner, 
Radiologische Klinik, Klinikum Grosshadern der Universi- 
tät München, Marchioninistrasse 15, D-8000 München 70. 


‘THE MAYNEORD SYMPOSIUM 

Friday, February 19, 1982. This meeting is being organ- 
ized by, the BIR Council in honour of the 80th birthday of 
Professor W. V. Mayneord, C.B.E., F.R.S. It will be an all- 
day meeting to be held at the Royal Society, in Carlton 
House Terrace, London. The theme for the meeting will be 
*"The future in radiology” as seen by distinguished workers 
in a number of branches of radiological science. 


SOCIETY FOR RADIOLOGICAL PROTECTION 
THIRD INTERNATIONAL SYMPOSIUM-—INVERNESS 1981 

June 6-11, 1982. Main topics: radiation and risks; radio- 
biology and epidemiology ; instrumentation and equipment; 
design of facilities; radioactivity in the environment; 
education and public information; legal and regulatory as- 
pects; accident management; non-ionizing radiation; 
medical techniques. Brochure from Symposium Organizer, 
SRP International Symposium, c/o NRPB Harwell, Didcot, 
Oxon OX11 ORQ. Abstracts to be received by July 15, 1981. 


3RD WORLD FEDERATION MEETING FOR ULTRASOUND 
IN MEDICINE AND BroLocy: JuLy 26-30, 1982 

This will be held at the Metropole Conference Centre, 
Brighton, England; and will incorporate the 5th World 
Congress of Ultrasound in Medicine and Biology. 

Over 2000 delegates are expected; many participants will 
also have an interest in radionuclide imaging, X rays and 
other investigative procedures. A large trade exhibition is 
being arranged as an integral part of the conference: bro- 
chure now available. Further details from: WFUMB-82 
Conference Office, 4L, Portman Mansions, Chiltern Street, 
London W1M 1LF (phone 01-486 6582). 


3RD WORLD CONGRESS of NUCLEAR MEDICINE AND BIOLOGY 

Paris, August 29-September 2, 1982. Main topics: 
radiopharmaceuticals; radio-immunoassay; clinical appli- 
cations; instrumentation; nuclear and non-nuclear investi- 
gations; radiobiology, health physics, dosimetry ; economics 
and management. Deadline for abstracts: December 1, 1981. 
Information: World Federation of Nuclear Medicine and 
Hiology, B.P.28, F-91403 Orsay, France. 


WORLD CoNcGnEss ON MEgnpiCAL Puvsics AND BIOMEDICAL 
ENGINEERING 1982 

13th International Conference on Medical and Biological 
Engineering; 6th International Conference on Medical 
Physics. September 5-11, 1982, Hamburg, Federal Republic 
of Germany. Presidents: Prof. W. Bleifeld (Hamburg) and 
Prof. D. Harder (Géttingen). Correspondence: Hamburg 
Messe, Congress Organization, D-2000 Hamburg 36, 
Germany. P.O, Box 30 23 60. 


"THE NEUTRON AND ITS APPLICATIONS 

The Institute of Physics, in collaboration with AERE 
Harwell, is organizing an international conference in Cam- 
bridge, September 13-17, 1982, to mark the 50th anniversary 
of the discovery of the neutron. 

The conference aims to cover all aspects of neutron 
science. Plenary lectures will include G. Allen on The con- 
tribution of neutron scattering to the understanding of 
macromolecules, J. F. Fowler on neutrons in medicine, A. 
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M. Lane on nuclear reactions caused by neutrons, C. 
Llewellyn-Smith on the structure of the neutron, A. R. 
Mackintosh on the contribution of neutron scattering to the 
understanding of magnetism, N. F. Ramsay on particle 
properties of the neutron, and C. G. Schull on wave proper- 
ties of the neutron. The conference will include a com- 
memorative session and a public session devoted to issues of 
general concern. There will be exhibitions of scientific 
equipment, and of historical interest, 

Further information from the Meetings Officer, The In- 
stitute of Physics, 47 Belgrave Square, London SW1X 8QX. 


STH SOUTH AFRICAN 
INTERNATIONAL RADIOLOGICAL CONGRESS 

The 5th South African International Radiological 
Congress, together with a Scientific and Technical Exhi- 
bition, will be held in Johannesburg at the Carlton Hotel 
from October 8 to 15, 1982. The theme is "Imageology", 
and many of the most eminent international radiologists 
have been invited to participate. Honorarium lectures from 
overseas sponsors, if accepted, will be paid $250 per lecture. 
Further information: Dr. P. Reichman, Congress Director, 
PO Box 2251, Johannesburg 2000, Republic of South Africa. 





Book reviews 


Endoscopy and Biopsy in Gastroenterology. Technique and 
Indications. Edited by P. Frühmorgen and M. Classen, pp. 
vi- 198, 1980 (Springer-Verlag, Heidelberg), DM.28. 
ISBN 3-540-09645-0. 

The sighs of relief given out by the Treasurers of our 
Health Districts were almost audible after the first wave of 
enthusiasm following the introduction of fibre optic gastro- 
intestinal endoscopy had passed. The technique is now well 
established in most large hospitals in the UK, even though 
the exact role of these procedures in some clinical situations 
has vet to be established. But gastrointestinal endoscopy 
should not be treated as a subspecialty in its own right, but 
rather as one other technique which is available to help in the 
management of various gastrointestinal problems. As such, 
all potential gastroenterologists (and perhaps radiodiag- 
nosticians??) should now expect their training programmes 
to include experience in this field. It is to this group of 
doctors-in-training that this book seems largely directed. 

Although designed as a pocket book for rapid reference, it 
is difficult to imagine our would-be endoscopist holding the 
open book in his left hand while trying to navigate a colono- 
scope round a splenic flexure with his right. There can, of 
course, be no substitute for a comprehensive, supervised, 
practical training in an experienced gastrointestinal unit, but 
the trainee will nevertheless find this book very useful if he 
reads it before starting his practical experience. 

'The whole field of fibre optic endoscopy, from mouth to 
anus, 1s covered in this volume, including the much 
neglected (at least in the UK) field of laparoscopy. The book 
strays, perhaps unnecessarily, into the old-established and 
well-tried fields such as liver or jejunal biopsy. There are 
excellent chapters, such as that on colonoscopy, giving 
details of manipulative technique which will be invaluable to 
the trainee. But this contrasts sharply with the somewhat 
perfunctory dismissal of some important areas such as 
gastrointestinal haemorrhage. 

'The rigid format of this work appears to be unnecessary at 
times, but it does facilitate the book's declared intention 
which is to be used as a reference manual. ‘The book's 
teutonic origins are further betrayed by the frequent use of 
adjectives such as "essential and obligatory” when, in 
most instances cited, our Anglo-Saxon reader may regard 
"desirable" or "useful" as more appropriate. Similarly, 
regional and cultural differences in medical practice must 
make our trainee question at least some of the stated 
indications or contraindications. For example, he may 
question if X-ray negative constipation 15 really an absolute 
indication for colonoscopy. The thought of a little old 
rheumatoid lady with an unstable neck may lead him to 
believe that haemorrhagic shock could not be the only 
contraindication to emergency endoscopy in gastrointestinal 
bleeding. He may not be persuaded that to convince a patient 
of the need for gall-bladder surgery is a good indication for 
laparoscopy, and he may prefer to believe that those who 


premedicate with atropine do so for reasons which are other 
than medicolegal. 

However, the editors do not claim that their book 1s any- 
thing other than an expression of opinions by the authors. 
Since those authors represent the most respected and ex- 
perienced professionals in their fields, we should all wish to 
read these opinions. I cannot help feeling that the book 
would have a much wider appeal to more experienced 
gastrointestinal diagnosticians if the authors had allowed 
themselves a little more discussion of less clear-cut issues, 
e.g. the appropriate use of antibiotics following bile duct 
cannulation, or the timing of emergency endoscopy after 
bleeding. But such feelings may be unrealistic if the advan- 
tages of clarity and brevity are to be retained. 

Buy the book. Your registrars will thank vou. 


R. E. Barry. 


Nuclear Particles in Cancer Treatment. By J. F. Fowler, 
pp. xii4-178, 1981 (Medical Physics Handbooks. 8) (Adam 
Hilger, Bristol), £11-95. 

ISBN 0-85274—521-4 

This volume is intended “for cancer research workers, for 
medical physicists and engineers interested in heavy-particle 
radiotherapy and for radiotherapists and radiographers”. 
However, it should be of interest also to a considerably 
wider audience since it is topical, it does not assume 
specialized knowledge and it is written in a clear, concise and 
very readable style. After a general introduction to the 
treatment of cancer, by radiation m particular, it explains 
how some of the limitations of conventional radiotherapy 
with gamma rays or X rays may be reduced by the use of 
beams of nuclear particles. In comparing the merits of the 
various possible heavy-particle beams it highlights the excel- 
lent physical dose-distributions achievable with protons, the 
greatly increased biological efficiency of killing hypoxic cells 
by neon and argon ions, the more modest improvements in 
both respects with carbon ions and negative pi mesons, and 
the much lower cost, vet desirable biological properties, of 
fast neutrons. 

The uses of such beams are in various stages of experi- 
mental development ranging from early pilot studies to 
extensive clinical trials. The reader is bound to feel the 
author's optimism and to share his hope that future clinical 
trials will show highly significant improvements in cancer 
treatment by the new beams. 

Any criticisms of the book would be trivial in comparison 
with its merits. Some reservations stem from simplifications 
which are inevitable in a book of this scope, but the well- 
selected reference list will guide the reader to any area 
chosen for study in greater length. The book is to be highly 
recommended. 

D. GOODHEAD. 
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Influence of Dose and its Distribution in Time on Dose-Response 
Relationships for low-LET Radiations. Recommendations of 
the National Council on Radiation Protection and Measure- 
ments (NCRP Report 64), pp. vi+216, 1940 (NCRP, 
Washington), $9.00. 

ISBN 0-913392-48-0 

Knowledge of the biological effects of radiations received 
at low doses and particularly at low dose rates is of crucial 
importance in the assessment of radiation hazards to 
human populations. However, it is in this area that radio- 
biological information is at its scarcest and most tantalizing. 
Many data have been collected, but for those who are re- 
sponsible for radiation protection and evaluation of the risks 
involved many questions remain to be answered. 

The appearance of this report by the NCRP of the United 
States is timely, and its summary of the field along with its 
recommendations is of immense value to those interested in 
the theoretical, experimental and practical aspects of dose- 
rate effects. Discussion is limited to effects caused by low- 
LET radiations, but as these are the radiations of which dose 
rate 18 of critical relevance, the focus is on the main area of 
current importance. 

The report opens with a brief introduction on the shapes 
of possible dose-response curves and the influence of dose 
rate, and develops this theme further with specific reference 
to the response of Tradescantia to mutation induction. As 
might be expected, the main emphasis of the report is on the 
induction of chromosomal changes, point mutations, cell 
transformation and carcinogenesis, both in experimental and 
human populations. This provides an up-to-date and com- 
prehensive picture of current knowledge that is very well 
done considering the relatively short length of the report. 
Discussion is also included on the influence of low doses and 
dose rates on various tests of damage in plants, injuries in 
growth and developmentof the mammalian embryo following 
prenatal irradiation, and on effects on life span. An extensive 
list of references is given at the end of the volume. 

The final chapter on the conclusions to be drawn from the 
analvsis of the data presented earlier is, of course, the most 
interesting. These are reached on the basis of the shapes of 
the possible dose-response curves and on the estimated 
values of dose-rate effectiveness factors (DREF). The DREF 
is "the factor by which linear interpolation from data ob- 
tained at high doses and dose rates overestimates the risk per 
unit absorbed dose of radiation delivered at very low doses 
and/or dose rates". Perhaps the most important conclusion 
is that for intermediate and low doses the data are still not 
sufficient to define the shape of the dose-response curve for 
cancer induction in humans, and the available evidence 
suggests that DREF has a value between 2 and 10, Thus, 
more measurements are urgently required. There seems 
little doubt that for human subjects there is no threshold 
for mutagenesis and carcinogenesis. 

This little volume gives an excellent summary of the field it 
describes and is essential reading for all interested in the sub- 
ject from whatever point of view. 

N, E. GILLIES, 


ISBN 0-85274—519-2 

This book by Professor Greening is a most welcome ad- 
dition to the series of medical physics handbooks organized 
by the Hospital Physicists’ Association. It is an excellent 
sequel to an earlier book "Principles of radiation dosimetry” 


by G. N. Whyte which was published in 1959, The two 
books are of similar length and cover very much the same 
ground but Whyte's book is now out of date due to the in- 
troduction of the SI units of radiation. Many of the dia- 
grams in Whyte's book reappear in Greening's, indicating a 
continuity which will reassure many of us who admired the 
earlier book. 

The new one is concerned mainly with the measurement 
of radiation quantities using ionization chambers. Other 
techniques such as calorimetry and TLD are not, however, 
neglected. The first group of chapters discusses the basic 
quantities used to describe the radiation field, together with 
the interactions between radiation and matter. X and y rays, 
electrons and neutrons are included. Subsequent chapters 
discuss in detail the measurement of kerma, exposure and 
absorbed dose. The final chapters are concerned with radio- 
nuclides, various techniques of dosimetry and applications in 
radiation protection. Throughout, everything is explained 
with the greatest clarity and economy of expression. 

The book stops short of giving the dosimetrist detailed 
instructions for practical measurements. It was, however, a 
surprise to me to find no mention of the factors Ca and Cy 
which are used to determine the sensitivity of an ionization 
chamber to high-energy photons and electrons, based on a 
calibration with 2 MV X rays, particularly as Professor 


Greening has been so closely concerned with the proper 


derivation and use of these factors. Perhaps he felt at the 
time of writing that the details were still subject to revision. 
This book is essential for anyone wishing to understand 
the basis of the methods used in radiation dosimetry. There 
need no longer be any excuse for confusion between ab- 
sorbed dose, kerma and exposure, or absorbed dose, dose- 

equivalent, RBE and quality factor. 
D. K. Bew ey. 


Mammography. Recommendations of the National Council on 
Radiation Protection and Measurements. NCRP Report No. 
66, pp. v-- 85, 1980 (National Council on Radiation Protec- 
tion and Measurements, Washington), $7.00. 

ISBN 0-913392-51—0 

The value of mammography in symptomatic patients is 
now well established, but its use as a mass screening tech- 
nique for asymptomatic women is still controversial. 

In the fourth chapter of this report, the National Com- 
mittee on Radiation Protection and Measurements of the 
USA tries to provide a considered view on relative risks and 
benefits of mammography. An earlier chapter also contains 
some very useful descriptions of equipment and techniques 
and the measurements that should be performed to ensure 
that equipment is operating satisfactorily. 

The values of carcinogenic risk based on data for Western 
women over age 20 at exposure are estimated to be, on a 
relative basis, 0.42 per cent per rad, and on an absolute basis 
6.6 cases per million women per year per rad. The mid- 
plane dose can be kept below 0.5 rad per exposure and, using 
the most sensitive film-screen combinations and a molyb- 
denum target, the mid-plane dose can be further reduced by 
an order of magnitude. Nevertheless, evidence on which to 
make a risk/benefit assessment is still not clearcut for women 
under 50, and the report concludes that “use of the examin- 
ation as a screening procedure in women under age 50 can- 
not be recommended". 

This report will be of interest and value to all clinicians 
concerned with mammography, and will also be useful to a 
physicist who needs to carry out quality-control measure- 
ment on mammographic apparatus. 

J. L. HAYBITTLE. 
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Hodgkins Disease. By Henry S. Kaplan, 2nd edit., pp. xiv + 
689, 1980 (Harvard University Press, London), £30-00. 
ISBN 0-674-40485-8 

Few subjects in cancer medicine have excited so much 
interest or activity over the past decade as the investigation 
and treatment of Hodgkin’s disease. This enthusiasm is 
reflected in the wealth of published material which has 
recently become available on all aspects of the disease. This 
second edition of Dr. Kaplan's excellent book is, therefore, 
both timely and extremely welcome. The text now numbers 
in excess of 600 pages but the improved typeface and orderly 
presentation make it a very easy book to read. 

As in the first edition, the book is based on studies con- 
ducted at the Stanford University Medical Centre but a 
quick glance at the impressive reference list shows that Dr. 
Kaplan has reviewed and assimilated a huge volume of data 
from other workers into a comprehensive and critical 
analysis, covering every facet of the disease from the 
aetiology and pathology to treatment and prognosis. 

Much of the recent laboratory research effort has been 
directed towards attempts to characterize the Sternberg 
Reed cell and to define more clearly the nature of the 
immunological deficiency observed in many of these 
patients; the section dealing with cell mediated immunity 
has more than doubled in size to take account of the inform- 
ation currently available. 

‘The approach to investigation in patients with Hodgkin's 
disease begins with chapter 4 which is concerned with 
clinical evaluation. This leads to an enlarged chapter on 
X-ray and isotope diagnosis, which now includes consider- 
ation of the role of computerized tomographic scanning. As 
before, this chapter contains clearly marked and beautifully 
reproduced illustrations and shows in detail the common 
and more unusual presentations seen on chest radiography, 
lymphangiography, skeletal survey or isotope scanning. 

The chapter on radiotherapy begins with an historical 
review and a discussion of the rationale behind modern 
radiotherapeutic practice. Treatment planning and therapy 
techniques, as employed at Stanford, are described in 


precise detail together with the potential complications of 
irradiation and the means by which many of these may be 
avoided. In the historical review the name of Dr. N. 5. 
Finzi is again omitted, which seems a pity since he was 
surely the first in his treatise "Radium therapeutics” 
(published in 1913) to suggest the potential benefit. of 
prophylactic irradiation administered to clinically unin- 
volved lymph node groups. There follows a discussion of 
the chemotherapy of Hodgkin's disease, detailing the effec- 
tive single agents and the many combination regimes and 
their remission rates. Again attention is drawn to the 
potential complications of cytotoxic chemotherapy, includ- 
ing infertility and the hazard of second malignancies. 

The major objective in the management of Hodgkin's 
disease in the next ten years will be the development of 
treatment programmes which, while maintaining or increas- 
ing their efficacy in terms of survival, will, at the same time, 
allow a reduced incidence of immediate or delayed toxicity. 
By the addition of a chapter on the selection of optimal 
treatment, Dr. Kaplan has addressed himself to this prob- 
lem and has set out a series of treatment recommendations 
based on currently available data. At this point he states, 
quite openly, that these recommendations represent the best 
clinical judgement at this time and that clearly modification 
of treatment programmes will be necessary as more inform- 
ation becomes available with prolonged follow-up. While not 
everyone will agree with the proposals outlined, a detailed 
summary of the results of treatment for individual stages 
and clinical situations based on the Stanford series is 
included and is essential reading for all those intimately 
involved in clinical decision making. 

In short this is an outstanding book which must be 
regarded as the definitive work on the subject. It stands as a 
tribute to the enormous personal contribution made by 
Dr. Kaplan both in the investigation and treatment of 
Hodgkin's disease. No radiotherapy or oncology department 
should be deprived of a copy since anyone who takes time to 
consult it will not come away disappointed. 

ADRIAN R. TIMOTHY. 





Books received 


We would like to thank the publishers for sending copies of 
the following, which have been placed in the Library of 
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International Agency for Research on Cancer. Annual 
Report, 1980. pp. 202. (WHO) $7.00 Sw.fr.12. 
(IARC, Lyon). ISBN 92-8-321080-8. 
Les Accessoires en Radiothérapie externe. Société des Physi- 
ciens d'Hópitaux d'Expression Frangaise, Cahier No. 15. 
pp. 32. 1980. (SPHEF, Paris), Fr.55. 


Specification for Personal Photographic | Dosemeters— 
British Standards Institution. BS 6090: 1981. 


New journals 


European Journal of Radiology. Editors-in-Chief: H. Anacker 
(München), J. H. Göthlin (Bergen), J.-L. Lamarque 
(Montpellier) and G. F, Pistolesi (Verona). Vol. 1, No. 1, 
March 1981 (Georg Thieme Verlag, Stuttgart/New York). 
In English. Annual subscription DM.148 plus postage 
(single copies DM.44.50 plus postage): enquiries to Georg 
Thieme Verlag, PO Box 732, D-7000 Stuttgart 1, Germany. 


Clinical Physics and Physiological Measurement. Issued quar- 
terly by the Hospital Physicists’ Association and the 
Deutsche Gesellschaft für Medizinische Physik and pub- 
lished by the Institute of Physics, Bristol, in association with 
the American Institute of Physics. Honorary Editors: M. M. 
Black and P. H. Fentem. Vol. 1, No. 1, February 1980. 
Annual subscription £50 (USA, $115.00). 


718 


* 





We  Correspondence— continued. 





. Preparation for barium enema, — 
J. G: B. Russell 
Calcification of the posterior longitudinal ligament of the spine. 
I. Dinakar 


Obituary: J. D. Frye 


Proceedings of The British Institute of Radiology, February 1981. 
Radionuclides in gastroenterology. 
Combined radiotherapy and chemotherapy: advantages, disadvantages—can radiobiology help? 
Radiobiology work-in-progress meeting. 


The British Institute of Radiology Awards 1981. 
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Radiology of bone disease 

Renal microvascular disease angiographic-microangiographic correlates 
Induced disease — drugs, irradiation, occupation 

An introduction to diagnostic ultrasound 

Clinical ultrasound review 

Ultrasonically guided puncture technique 

Cases in diagnostic ultrasound. 1 

Endoscopy and biopsy in gastroenterology 
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Treatment Simulators 
British Journal of Radiology Supplementi16, 1981 


This is a revised version of a working-party report which was first published in 1976 as 
BIR Special Report 10, and owing to heavy demand has been out of print for some time. 
The authors consider the place of planning simulators in modern radiotherapy and 


endeavour to set up guide lines for their future development, covering both specifications 


for the instruments and the ways in which they are used. The report also discusses the 
relationship between simulators and transverse axial computed tomography. 


The report has been fully updated and is highly detailed, containing 31 pages ,10 figures, 
and 59 references covering the period 1952 to 1981. The Convenor of the Working Party 


was C. K. Bomford and other members were Miss L. M. Craig, F. A. Hanna, G. S. Innes, 
S. C. Lillicrap and the late R. L. Morgan, with G. R. Higson as DHSS Observer. 


Of practical interest to all involved with developments in radiotherapy. 


ISSN 0306-2120 
Orders to: 
Publications Department, The British Institute of Radiology, 


32 Welbeck Street, London W1M 7PG; 
or through your bookseller. 


Price £3.50 
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International General Electric Company of New York Ltd., 
Jubilee House, Blyth Road, Hayes, Middlesex. Tel: 01-573 7766. 
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Finer diagnostic quality.| 2. Less exposure time. 3. Longer operating life. 

ie gadolinium oxysulphide for- | The Trimax System is faster - up to Trimax screens, the first of which were 
ulation used exclusively by the 3M | 90% faster than conventional systems. | introduced in 1974, have yet to show 
rimax System ensures: | This means: | any loss of speed. 

a) better definition from this high a) less radiation dosage, _ That's why they all come with an 

efficiency phosphor |  b)lesschance of patient movement, | exclusive 7-year guarantee against 

b) less graininess from a finer, more | c) greater use of fine focus. i loss of speed. 


regular grain structure uj That's why replacement ceases to 


©) better image characteristics by be a factor with the Trimax System. 
reduced probability of scatter. | | 


When it comes to rare-earth x-ray systems, comprehensive and durable rare-earth system 
;here's only one which offers a fully comprehensive ^ available. Specify it with confidence. 
ange of screens and films, designed to outperform For further information about the Trimax System 
all the others on the three most critical parameters from 3M - the leaders in rare-earth phosphor 


pf: diagnostic quality, radiation dosage and technology - contact: Alan Budge, (ode Products, 3M 
ong-term economy. lor M TH. 21: 


3M Trimax System. The most versatile, 


3M and Trimax are trade mark 





Trust baritoptotell you 


Baritop contrast medium: high density and Baritop 100 ready-made suspension in ring- 
low viscosity to give smooth and even pull can for easy use. Baritop G powder 
coating of the GI tract, time after time. for higher density. Baritop gas producing 
The special consistency of Baritop makes effervescent tablets complete with 

the most of your double-contrasttechnique. ^ defoaming agent. 





y OW excellent resolution every time 


Concept Pharmaceuticals Ltd., 
59-61 High Street, Rickmansworth, Herts. WD3 1EZ. Tel. Rickmansworth (09237) 79388. 




















Coparvax is a freeze-dried 
oreparation of Corynebacterium parvum. 
When injected into previously-aspirated 
pleural or peritoneal effusions, Coparvax 
3as been shown to be extremely 
offective at preventing recurrence and 
easing the associated symptoms. 
— in addition, Coparvax has 
aremarkably low incidence of side- 
offects, unlike many other treatments, 
some of which may require concomitant 
narcotic analgesia. 

For further information on 

this advance in the management 

of malignant effusions please contact 
our Scientific Services Division at the 
address below. 











Corynebacterium parvum 


when the quality of life 
is the primary concern 


PRESCRIBING Pees 


Presentation bos CR Lue d onte ng mag cd dry We Al HOE © el 
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e Coparvax administered 
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| SUI Ì «abdominal admin mon 
into subculaneous ti ‘ 
di tenderness. Inter e fi Orinous 
ural and perit iones avities has 
bes pried sed Hollow ng local administration of 
OD vax intestinad obstruc ion due to the formic 
LO i adhesion i5 is ar theorelical possibully, 
though i uxs not been eris d as a compiica- 
dmin ation. Adverse etiects 
o 40% Se sotients following 
5 De ry injection. Abdominal pain ar nmi 
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efíacis aitüoeulc 


ín trem SIS EEA xii 



















ah 
RE prei 
bura £79 

one Eh 


s 


$ 


z “ree x 
330i t Cor AES ax LC 
i Zf* 
H 13 


wets Lb 


: bd 





e 






Calmic Medical Division 

The Wellcome Foundation Ltd. 
Crewe, Cheshire 

(Tel: 0270 583151) 
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SIEMENS 


When programmed 

x-ray diagnosis is 
referred, we have the 

ideal combination 
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The multipurpose Siregraph C 
automatic x-ray table has enhanced 
routine diagnostic capability, including 
aniography of the body trunk and lower 
extremities. 


The escutcheon of the Tridoros 712 MP 
generator puts all the radiographic parameters 
at your fingertips by means of microprocessor 
technology 


Programmed radiographic factors may be 
inserted by the Superintendent Radiographer or 
Radiologist and these factors are retained 
permanently under lock and key. This 70kW 12 
pulse machine maintains high voltage accuracy 
yet offers extreme flexibility with provision for 
49 programmes each for radiography and 


planigraphy. 
For full details contact: Siemens Medical Group, 


Siemens Limited, Windmill Road, Sunbury-on-Thames, 
Middlesex TW16 7HS.Telephone: (09327) 85691. 


Siemens-the ultimate in 
cost effective x-ray diagnosis 















a completely up-to-date ahd comprehensive 


text on the radiology of the brain and spinal 
cord... 


Neuroradiology 


Edmund H. Burrows and Norman E. Leeds 


1981 


2 volumes 944 pages 


29845 half-tones and 76 line illustrations 


£o OO “J CD oF E Go PN = 
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hardback £95.00 ISBN 0 443 08016 X 

This is a major new reference work for the 
practising radiologist. It is a practical, clinically- 
oriented text, with the emphasis on clinical 
diagnostic radiology, not on neuroradiological 
technique. 


Churchill rire ipd. X" 
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to include CAT s scanning 


_ also includes information on the neuroradio- 
logical practice of the water soluble contrast 
agent metrizamide 


The book is divided into two volumes: 
VOLUME 1 is a textbook of Neuroradiology. 
VOLUME 2 consists of 100 self-testing exercises. 


If you would like more detailed information on. 
this major new book, please write to: 

Churchill Livingstone, Robert Stevenson House, 
1-3 Baxter's Place, Leith Walk, 

EDINBURGH EH1 3AF, U.K. 
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X-ray equipment for sale from 
St. George's Hospital, London SW1 


GEC Watson on track with Series II Diagnostic tube matchlet with tomographic attachment 


Deans plain bucky table 

Siemens simple bucky table 

Philips Super 100 Generator and control unit 
Siemens Heliophos 4E Generator 

Watson R600 Generator 


Philips Fluoroscopy table 90/90 complete with assorted attachments including serial device intensifier 


9in CCTV with two monitors with Arriflex cine camera ceiling suspended Mullard tube 


Watson Autonome 6 table 


GEC Escort moving top bucky table with Kompact 9 image intensifier complete with GEC MX4 Self 


rectifying tube head CCTV and Monitor 
Siemens Biangulix with 125/30/50R tube 
A number of lead protection panels 
Leadlined box : 

Kodak M 100 Processor 


Other X-ray Equipment for Sale 
14 GEC Deans 404 de luxe table 907/30 ^ Adverse tilt with Siemens lontomat 


CD40° dynamax 120 KVP tube stand 
Philips, Free standing vertical bucky 


This equipment is surplus to requirements and up to mid 1980 was serviced under maintenance contracts 
since then it has not been used. 


To view please contact Mr Randall, 01-672 1255, ext 138. Offers in writing to Mr J. Gilder, 


District Supplies Officer, 72 St James’ Drive, London SW177RS 
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HENDERSON 


COLONIC LAVAGE UNIT 


The Henderson Colonic 
Lavage provides a simple, 
effective and safe apparatus 
for washing out the large 
intestine and the terminal 
ileum of the small bowel. 


The Henderson Colonic 
Lavage is indicated for patient 
preparation prior to surgery 
or radiography. 

An important feature of this 
machine is, that as fluid is 
withdrawn from the patient, 
air is admitted to maintain the 
full lumen of the bowel, 
permitting complete fluid 
evacuation and assisting 
further faecal removal. 





Macarthys Surgical Ltd 


DAGENHAM BIRMINGHAM GLASGOW LIVERPOOL MANCHESTER 

Selinas Lane Unit 25/28 301-3 Glentanar Road 201-3 London Road Precinct Centre 

Dagenham, Essex AM8 1OD Edgebaston Shopping Centre Balmore Industrial Estate Liverpool L3 8J5 Oxford Road 

Tel.: 01-593 7511 Hagley Road Glasgow G22 7UG Tel.: 051-207-1348 Manchester M13 9GS 
Birmingham B16 8SH Tel.: 041-336-8782 Tei.: 061-273-6754/5 


Tei.: 021-454 6713 


KODAK'X-Omat RP Film 
with KODAK ‘X-Omatic’ 
Regular Intensifving Screens. 
KODAK'X-Omat L Film 
with KODAK 'X-Omatic' 


- e P j d / % ~a ). à 
Regular Intensifying Screens. TE oe "m 249% 
KODAK Ortho G Film with KODAK CHA TAC 
KODAK ‘Lanex’ Regular Screens i FA FUM 


KODAK ‘Rayoscope’ RP Film 100mm 
KODAK ‘X-Omať GR Film 100mm 
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AK IDAK Ortho G Film with 
Special Procedure KODAK 
Banex' Regular Screens 
ODAK 'X-Omar S Film (roll) 
Euh KODAK 'X-Omatic 
AR Silar Intensifving Screens 
SAK 'X-Omat L Film 
With ODAK ‘X-Omatic’ 
Regula Intensifving Screens 
KODAR X-Omar RP Film 
With KODAK 'X-Omatic' 
Regular Intensifying Screens 














a XD angers.Kodak and all product names Dried thus —X-Omat'-are trade marks. 







x Kodak product 
for cardio-vas cular 










Kodak has the most comprehensive service network — : 
TP ere D 

We back that service with a range of products t nat 
includes over thirty diagnostic imaging films; and covers. 
processors, cassettes, intensifying screens, chemicalsar d 
daylight handling equipment. : 

Kodak Service is there to help you maintain consis- 
tent image quality. . 

In the working environment, this means we can aic 
with planning an efficient process area. E 

In human terms, we can help with the training of _ 
radiologists, radiographers and technicians: on your 
premises or at our own Marketing Education Centre. — 

Equipment maintenanceisalsoanimportantquality — 
control factor, and Kodak provides a highly competitive 
service from strategically located Sales Centres. 

For details, speak to your Kodak representative. — 

He can give you up-to-date information on all areas 
of diagnostic imaging. 


Kodak. We care about your image. 








KODAK ‘Lanex’ Regular Screens for special procedures are available to fit Puck, AOT and CGR rapid fi film 
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Rates for Advertisements 


One Six 


Whole page 
— (black & white) 128-00 120-00 
Half page 74-00 70-00 
Quarter page 40-00 38-00 


B Eighth page 28:00 27-00 


Colour rates on application _ 
: Bound in advertisements £180 


k . Loose advertisements £200 
- Box Number fee £5 


Twelve 
Page size Insertion insertions Insertions 
£ 


113-00 
64-00 
36-00 
25:00 


All applications for space to be made to 


| Advertising Department 


= British Journal of Radiology 
. 24a Litchfield Street, London WC2H 9NX. Tel. 01-836 5281 





Quarter page: 25x 17$ ems 


Double page spread discount £10 

Bleed page plus £25-00 

Preferential positions (facing editorial/facing 
covers) plus 20% 


Terms: Monthly net. Series orders must be 
completed within a year. The right is reserved to 
decline or omit any advertisement. No responsi- 
bility can be accepted for the omission to insert 
an advertisement from any cause. 

Copy must be received 6 weeks preceding the 
publication date, and no alterations or correc- 
tions can be made unless the amended proofs 
are returned before noon on the 1st of the month 
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SIEMENS 


Flexible technology 
at your fingertips 
Polyphos 300 
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The POLYPHOS 300 multi-pulse generator, through 
the utilisation of ultra-modern micro-computer elements, 
offers a high degree of operating flexibility, unique when 
compared with units of a corresponding power 
classification. It can be universally employed with 
diagnostic X-ray examination units for radiography, 
fluoroscopy or planigraphy. 

The multiprogramming system (organ related 
exposure technique) enables any freely selectable 
exposure parameter to be incorporated into an organ- 
related program, by the operation of a single button. 


Features include: 

+ Highly compact design, requiring minimum installation 
area. 

k Single-tube unit utilizing medium frequency converter 
technology. 

* Rapid high-voltage and tube current regulation during 
exposure. 

+ Short exposure times. 

* Continuously falling load. 

+ Up-to-the-minute technology, with micro-computer 
elements. 

+ Smooth control panel with touch buttons. 

+ Flexible extension system. 

* High dose yield as a result of the multipulse 
configuration. 


For full details contact: Siemens Medical Division, 
Siemens Limited, Siemens House, Windmill Road, 
Sunbury-on-Thames, Middlesex TW16 7HS. 

Tel: Sunbury-on- Thames (09327) 85691. 

Telex: 8951091. 


Siemens — X-ray innovation is our business 


xil 


SIEMENS 


Mobil XR — 
brings a micro- 
processor controlled, 
aseptic mobile 
radiography unit 
to the patient. 


The battery-powered MOBIL XR is self-propelled 
and self-contained with microprocessor controls 
providing full power exposures at 20 kW time after 
time. The adjustable counter-balance arm and a 
wide range of alphanumerically displayed exposure 
parameters allow sharp image examination of any 
organ or limb. Aseptic design with touch controls 
and total enclosure fo all components make it ideal 
for theatre use. Infinitely variable speed control 
makes it easy to manoeuvre and pull-out cable 
allows simple recharging at any power point 


For further details or a demonstration contact 
Siemens Medical Group, Siemens Limited, 
Windmill Road, Sunbury-on-Thames 
Middlesex TW16 7HS 

Tel. Sunbury (09327) 85691 
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In the world of mobile radiography 
Siemens has the answer. 


THE COMPUTERIZED 

GENERATOR OF 

TOMORROW IS HERE 
TODAY 
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SATURN- S&S SSSR. 


FLEXIBILITY DIGITALLY DISPLAYED 
e One, two or three factor control e kV mA mAs tme 
e Operator input to memory store e Postexposure of mAs and time 
e Over 200 operator introduced '" A e Organand projection 
programmes ^. e Number of further exposures possible 
e Last exposure on each auxiliary e Diagnosed error or malfunction 
memorised for instant recall 


PHILIPS 


For detasded information write to Philips Medical Systems, Kelvin House, 63/75 Gienthorne Road 











Computerized 


|| Tomographic 


Scanners in 
Radiotherapy 
in Europe 


Edited by Roger J. Berry 


British Institute of Radiology 
Supplement 15 


Under the auspices of the Commission Informa- 
tique of the European Association of Radiology, a 
Workshop was held at the Headquarters of WHO, 
Geneva, from 28 to 30 March 1979 on 'The Use 
of Computerized Tomographic Scanners in 
Radiotherapy in Europe’. It was clear from the 
first that CT scanning would have a major im- 
pact on radiotherapy, but how and where ? At this 
meeting 150 experts from 17 countries met to 
review, from a real background in clinical ex- 
perience of using CT scanners in radiotherapy 
planning, the progress which had been made and 
the costs involved. CT scanning is not inexpen- 
sive, but the information provided is in many 
cases unique. Following a keynote address by 


| Professor Brian Pullan of the University of 


Manchester outlining what is and is not likely to 
be possible in future in tumour imaging, the 
papers cover the practical use of CT scan inform- 
ation in assessing tumour volume, planning radio- 
therapy and following tumour response in the 
head and neck, the thorax and the abdomen. The 
linkage of CT information to radiotherapy treat- 
ment planning is discussed, and the way in- 
dicated towards true three-dimensional radio- 
therapy planning. All the papers presented at the 
Meeting are included in abridged form as well as 
rapporteurs' reports of the discussions in each 
section. 

Price £19-50 


ISBN 0 905749 09 X 
ISSN 0007 1285 


Orders to : 
Publications, : 
The British Institute of Radiology, 
. $96 Portland Place, 
London W1N 3DG 
or your local bookseller. 
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Diagnostic Radiologist 
Diagnostic Radiologist wanted, with fellowship or 
eligible, to join radiological group in Edmonton, 
Alberta, Canada. Hospital and office practice. 
Applicant should have training in special procedures 
and/or ultrasound. 


Please reply to: 

Dr. W. J. Taylor, M.B., Ch.B., D. M.R., 
F.R.C.A.(C.) 

#4360 10830-Jasper Avenue 
Edmonton, Alberta 

Canada T5J 2B3 
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JEDDAH 
SAUDI ARABIA 


RADIOLOGIST — 
C.T. SCANNER SPECIALIST 


The New Jeddah Clinic, a private hospital, 
urgently requires a Radiologist with at least three 
years’ experience in C.T. Scanning. 

Excellent salary and benefits. 


For further information please contact; 
Remedy International, 

70 Old Brompton Road, 

London SW7 S3LO Tel: 589-6658 
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ST MARK'S HOSPITAL 
DAY COURSE 


TUESDAY NOVEMBER 10th 1981 
Real Time Ultrasonography 


and 


Inflammatory Bowel Disease 
Colorectal Cancer 


Closed Circuit TV Demonstration 
Lectures 


Fee £12 including lunch and refreshments 


For further details write to: 
The Secretary 

Department of Postgraduate Studies 
St. Mark's Hospital 

City Road 

London EC1V 2PS 
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priority in 


Ultrasonics... ` 





Universal Computer-controlled 
High Resolution Static B-scanning 


Automatic, Computer-controlled Dynamic The Universal Pho/sonic-SM fully-integrated computer-controlled, high 


and High Resolution Static B-scanning 


The Sonography System RA-1 diagnostic ultra-sound 
scanner uses sophisticated, computer-controlled 

image processing to achieve superior image resolution. 
The advanced, state-of-the-art scanheads comprise: 

3 LFOV scanheads for multiformat abdominal 

scanning. 

3 WV scanheads for high frame-rate scanning. 

& Small parts scanhead, incorporating Doppler with 
Spectral Analysis, for superficial vessel and organ studies, 
for neonatal and paediatric scanning. 

The modular design guards against obsolescence whilst 
permitting expansion and the ability to retrofit new 
imaging techniques as they are developed. 


performance ultrasound scanner which produces excellent image 
resolution. It isdesigned to meet individual requirements through a variety 
of system options, including: 

+ Wide range of transducers + Image Process Functions 

& Area, Circumference and Volume measurements. 

3 Obstetrics measurement facility : Floppy disc interface 


Future improvements to the image processing may be incorporated due to 
the flexible computer software. 


Other Siemens ultrasound equipment is available, including the IMAGER 
2300, a Dynamically Focused Linear Array Real-Time B-scanner. 

For full details write to: Siemens Medical Group, Siemens Limited, 
Windmill Road, Sunbury-on- Thames, Middlesex TW14 7HS. 

Telephone Sunbury (09327) 85691. 


„Siemens gives you the choice! 








Pitman's revolutionary 
new Series 800Trange of 
Thermoluminescence 
Dosimetry Processors 


Since D. A. Pitman Limited pioneered TLD over 15 years ago, they 
have designed and produced a succession of processors that are 
renowned throughout the world and set the standards for all other 
readers. The Series '800' is no exception. 











Model806 Automatic TLD Processor 


e Designed specifically for e Advanced precision thermal 
personnel monitoring contact heating system for 
i reproducible results and fast 
e Very simple operation by 
microprocessor control (10s) readout 
e Fully automatic readout of 


e Tissue equivalent 2, 3 or re-usable dosemeters 


4-element dosemeters | | 
e High sensitivity (2mr)/non light i cet compatible input and 
affected PTFE/LiF or pure LiF 
disk dosemeters * Comprehensive range of 
* Choice of badges with filtration ancillaries and variants 


complying with international 
standards. 


For full details, please contact 


D.A. Pitman Ltd (Dept. AD 237 ) Jessamy Road, Weybridge, Surrey KT13 8LE 
Telephone Weybridge (0932) 55721 Telex 929823 
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Automatic Wedge Filter System 
Now you can choose the precise wedge a 
- not the best compromise from a limited scl 
The automatic wedge filter system on Ph 
and SL75-20 accelerators gives an infinite va 
angles all the way from 0 to 60 degrees over | 
to 20x 20cm at the isocentre. 
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TO THE NEXT.... 


Extended Ram Patient Support System 

For large A.P.- P.A. mantle fields most treatment tables 
require the patient to be treated in the prone and supine 
positions. The Philips Extended Ram Patient Support 
System enables both fields to be delivered without turning 
the patient over. 
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TO THE NEXT.... 


A complete clectron therapy system 
Motorized variable field applicators, 
Fixed circular square and rectangular 
applicators; Removable end frames for 
irregular field shapes; Interlocks and 
touch guards for added safety. 
Microprocessor based treatment 
control consoles; Computerised 
Verification and recording systems; 
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Philips Linear Accelerators Simply Years Ahead. 


Contact Philips at one of the addresses shown below 
tor more information on our full range of equipment for radiation therapy. 
Philips Medical Systems, Kelvin House, 63/67 Glenthorne Road, Hammersmith, London W6 OLJ. 


M.E.L. Manor Royal, Crawley, Sussex RH10 2PZ. 
Divisions of Philips Electronic & Associated Industries Ltd 


Philips Medical Systems Inc, 710 Bridgeport Avenue, Shelton, Connecticut 06484, United States of America 

N V. Philips. Medical Systems D vis; i ow 

: H i LI DS ilips, Medical Systems Division, Eindhoven, The Netherlands. Medical 
| Systems 
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MOBILE X-RAY 
IMAGE IN RV FIER 


AY fi Ah XJ 10 








High quality image ................. 

e 0.4mm focus x-ray tube 

e image Brightness Stabilizer 

Hon QUIBUE. .ooocoso usc ua cota 

e Square full-wave rectification x-ray 
generator 

Less x-ray radiation ................ 

e Video memory 

e Motor driven collimator 

Simple operation .................. 

e Radiographic condition memory 
(Optional) 

Free access to patient .............. 

e Large C-arm steering handle 





désire tee MARKETING DIV. 


Shiniuku-Mtt Widing, 1-1, Nishishinjuku 2-chome, Shinjuku-ku, Tokyo 160, Japan 


c d | j MA DZ U Phone Toky 03-346-5641 Overseas Telex: No. 0232-3291 SHMDT J 
SHIMADZU (Europa) GmbH 


CORPORATION KYOTO JADAN | 4000 Dusseldor! 1, Johannes Weyer Str. 1 F.R. Germany 
Phone (021 1) 314061 Teles 08586839 SHIM D 
MEDICAL X-RAY SUPPLIES LTD. 

Cottrell House 53-53 Wembly Hill Road Wembly HAG 7PR 
Phone 01-902-6098 ENGLAND 
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Ximatron 5 
Treatment Planning Simulator 







‘ " A 
The Ximatron 5 is the most a 
accurate and versatile 
treatment planning —_ 


unit in the world, 

and the product 

of over fifteen years 

of simulator development 
and manufacture. 





Forever mindful of the 
future, T.E.M. have 
incorporated the Ximascan 
into the Ximatron 5. 
This facility allows a digital 
tomographic scan of the patient 
to be taken. 


Variable speed controls facilitating 
quick and easy setting and 
planning procedures, providing digital 
readouts with a B.C.D. output. 







The Ximascan may be interfaced 
directly to the T.E.M. treatment planning 
computer system 
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For further details 


TEM Instruments Limited 


Gatwick Road, Crawley, Sussex. RH10 2RG England Tel 0293 31244 
Telex: 87397, Grams: TESTMENT CRAWLEY 
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the Hitachi EUB-22 
is a must. 


More accurate clinical information is now available faster, 
thanks to Hitachi technology in this new real time ultrasound system. 


The compact lightweight Dual image display 
transducer provides allows expanded field 
access to all areas of of view or display of 
interest making the side-by-side images 
TOMOSONIC EUB-22 either in real time or 
ideal for abdominal, freeze frame modes, 
obstetric and neonatal with on-screen 
imaging. measurements. 





Superb noise-free, high 2 
resolution images | 
produced by advanced 
digital scan processing 
| and transducer 
iocucsina iechiniques are displayed on the TV 
monitors. To facilitate the evaluation of those 
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ABSTRACT 

The National Radiological Protection Board has recently 
carried out a reappraisal of the annual genetically significant 
dose (GSD) to the population of Great Britain arising from 
the practice of diagnostic radiology. The current value of 120 
p Gy (12 mrad) is indistinguishable from the value deter- 
mined 20 years ago despite a 48%, increase in the number of 
X-ray examinations performed per head of the population. 
This is mostly due to a large decrease in the contribution 
from obstetric radiology and to a marked reduction in the 
gonadal doses delivered to children for nearly all types of 
examination. ‘The GSD and the frequency of X-ray examin- 
ations in Great Britain would appear to be considerably 
lower than those found in other industrialized countries and 
seem unlikely to result in more than 100 cases of serious 
hereditary ill-health per year at genetic equilibrium. On the 
other hand, diagnostic radiology is responsible for 87°% of 
the GSD from all man-made sources of population ex- 
posure in Great Britain and there is evidence from the data 
collected for this reappraisal that radiological protection 
measures could be improved so as to reduce significantly 
this large contribution without detriment to patient care. 


An assessment of the risks to the population and to 
future generations resulting from the use of ionizing 
radiation for medical purposes has not been carried 
out on a national scale in Britain for over 20 years. In 
1960 a committee under the chairmanship of Lord 
Adrian reported on the annual genetically significant 
dose (GSD) to the population for both diagnostic 
and therapeutic uses of radiation and four years later 
they published an estimate for the mean per caput 
bone marrow dose arising from the same source. As 
far as the GSD was concerned they concluded that 
their estimate of 193 wGy (19.3 mrad) did not in- 
dicate any need for major restrictions in radiological 
practice and that the number and type of examin- 
ations or treatments should be dictated solely by the 
clinical needs of the patient. However, they were 
convinced that in many instances gonadal doses 
could be substantially reduced without detriment to 
the efhcacy of the examination or treatment and 
recommended techniques for bringing this about. 


They also recommended that the situation should be 
kept under effective review. 

In the ensuing 20 years considerable changes have 
taken place in the extent and techniques of medical 
radiology as well as in the appreciation of radiation 
risks. The small individual risk experienced by a 
patient during an X-ray examination should, of 
course, be justified by an overriding benefit resulting 
from more accurate diagnosis. The genetic risks, on 
the other hand, cannot be so readily dismissed as 
there is rarely any direct benefit to the descendants 
of the patient against which to offset the increased 
chance of inherited ill health, however small this may 
be. Furthermore, there is no opportunity for con- 
sulting those who may experience the genetic con- 
sequences. It is therefore incumbent upon national 
bodies like the NRPB, who are responsible for main- 
taining a watch on the hazards to the population from 
all sources of ionizing radiation, to determine the 
current level of the genetic consequences from 
medical radiology and to advise the appropriate 
authorities if it appears that an unacceptably high 
burden is being passed on to future generations. This 
responsibility is reiterated in a directive of the 
Council of the European Communities (CEC, 1976) 
which requires all member states to consider the 
radiation-induced genetic burden on society and to 
determine the magnitude of its components from 
different sources, particularly medical, in their own 
countries. T'he emphasis on medical radiology is due 
to the fact that in developed countries the use of 
ionizing radiation in health care provides the largest 
man-made component of the total collective popu- 
lation dose. A recent NRPB report (Taylor and 
Webb, 1978) indicated that it could contributeas much 
as 8595 of the GSD to the population of the UK from 
all sources, barring natural background radiation. 
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Since diagnostic X-ray examinations involve far 
more of the fertile population than either radio- 
therapy or the use of radiopharmaceuticals, a re- 
appraisal of the genetic consequences from this 
branch of medical radiology has been given priority. 
'The results and implications of this reappraisal are 
summarized in the following sections of this report 
after a brief description of the survey techniques. 
More comprehensive technical details can be found 
in NRPB Reports R104, R105 and R106 (Kendall e? 
al., 1980; Wall et al., 1980; Darby et al., 1980). 
Meanwhile the contributions from radiotherapy and 
nuclear medicine are currently being assessed to- 
gether with methods for quantifying the somatic 
risks to patients, and will be published in due course. 


METHOD OF REAPPRAISAL OF GENETIC 
CONSEQUENCES 

In line with the majority of previous national sur- 
veys and following the recommendations of 
UNSCEAR (1972; 1977), the quantity “Genetically 
Significant Dose" (GSD) has been used to indicate 
the relative amount of genetic injury to be expected 
from the non-uniform irradiation of a large number 
of people. The GSD is defined as that dose which, if 
given to every member of a population, would pro- 
duce the same total genetic injury as the actual doses 
received by the various individuals (UNSCEAR, 
1972, p. 134). 

The total genetic injury to the population 1s taken 
to be 
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where P; is the child expectancy of the it? individual; 
D; is the gonadal dose to the 7'^ individual; a is a 
constant of proportionality and summation is over 
every individual in the population. 

From the definition of GSD, if all individuals in 
the population received exactly the GSD, then the 
total genetic injury would be the same as that result- 
ing from the actual doses received. Thus 


aX P; GSD-—aZPiD, 
Hence 


GSD-—EXP,DJEP; . . . (Q2) 


When considering the annual GSD from diagnostic 
radiology it is convenient to group the population by 
age and sex and then within each age-sex group to 
consider the number of individuals who underwent 
each of the various examination types, The GSD can 
then be written in the following form 


os En | E me al BUNDE of future children 


Ber dose ee we an individual in age-sex 
group k who underwent an examination of type l; 
Ex s a a Bre: of future children expected by 


Estimates were therefore required of the number 
of people in each age-sex group examined annually 
in Great Britain, broken down by examination type, 
the child expectancy of these people and the average 
gonadal dose delivered by each type of examination. 

Information on the frequency of X-ray examin- 
ations was obtained by sending questionnaires to a 
sample of about 100 hospitals throughout Great 
Britain. In England and Scotland, hospitals were 
selected by a stratified sampling procedure based on 
the workload of their X- -ray departments. In Wales, 
hospitals were selected using an informal procedure. 
The questionnaires asked for details of every X-ray 
examination carried out in a specified week in June 
1977. These included the sex and age of the patients 
and the type of examination, as well as technical 
factors such as the number of films, the fluoroscopic 
screening time, and the use of gonadal shielding. 
Sufficient hospitals responded to achieve a standard 
error of 5%, in the estimated total of examinations 
for the whole country. Annual totals were estimated 
by multiplving the weekly figures by 365/7 and then 
correcting for seasonal variations in workload based 
on film consumption data for Britain in 1977. 

Estimates of the child expectancy of the popu- 
lation were obtained from the work of Taylor (1980) 
based on official statistics provided by the Office of 
Population Censuses and Surveys. 

Gonadal doses were measured directly on patients 
undergoing 13 selected types of diagnostic examin- 
ation at 21 hospitals. "hermoluminescent dose- 
meters were used which consisted of lithium borate 
powder contained in adhesive polythene sachets. For 
male patients they were attached to the inside of the 
thigh close to the scrotum and were assumed to re- 
ceive the same dose as the testes. For female patients 
thev were positioned so as to measure the entrance 
skin dose level with the ovaries. Skin doses were 
converted to ovarian doses using factors obtained by 
exposing an anthropomorphic phantom to a range of 
typical diagnostic X-ray fields and measuring the 
doses at the ovary sites and on the skin. The 13 
examination types selected for inclusion in the dose- 
measurement survey were those that in previous 
surveys accounted for about 9595 of the GSD. Doses 
for all other examination types were obtained from 
the current literature. The 21 hospitals visited came 


720 


SEPTEMBER 1981 


A reappraisal of the genetic consequences of diagnostic radiology in Great Britain 


from all regions of the country and included a repre- 
sentative sample of X-ray departments taking ac- 
count of size and speciality. At the end of the survey 
the gonadal doses received by 4565 patients had been 
measured. 


RESULTS OF THE REAPPRAISAL 
1. The current extent of X-ray diagnostic radiology 

The frequency survey indicated that 21.3 million 
X-ray examinations were carried out in National 
Health Service (NHS) hospitals in Great Britain in 
1977. This represents an increase of 64°, over the 
estimate of 13 million from the 1957 national survey 
(Adrian, 1960). As the population has grown during 
the intervening period, the number of examinations 
per thousand of the population has risen by 48°, 
which corresponds to an increase of 2.095 per 
annum. 

Estimates were made of the numbers of examin- 
ations conducted outside NHS hospitals and these 
are shown in Table I with the corresponding figures 
from the Adrian survey. These bring the total num- 
ber of examinations (excluding dental radiology) up 
to 23.8 million, amounting to 440 examinations per 
thousand of the population in 1977. 

In addition to medical radiology, about 5.8 million 
dental examinations were carried out amounting to 
about 110 examinations per thousand of the popu- 
lation. This is an increase by a factor of nearly six 
since 1957. A detailed analysis of the growth in den- 
tal radiology has been published by Kendall et al. 
(1981). 

The survey has also demonstrated an increase in 
complexity of many diagnostic X-ray examinations 
in recent years. The mean number of films per 
examination has increased from 1.9 in 1957 to 2.4 in 
1977. 'Those examinations which showed a particu- 
larly large increase in film usage were angiographic 
examinations of the head and abdomen and barium 
contrast studies of the gastrointestinal tract. 

The relative frequencies of the more common 
types of examination carried out in NHS hospitals 
are shown in Fig. 1. Not surprisingly X-rays of the 
chest, limbs and extremities are predominant. How- 
ever, chest radiography has fallen from 48°, of all 
examinations in 1957 to 3395 in 1977, presumably 
reflecting the progress which has been made in con- 
trolling tuberculosis. About 4°, of these chest 
radiographs employed mass-miniature photofluoro- 
graphic techniques rather than full-size radiography. 
A number of mass-miniature chest X-ray units are 
still operating outside NHS hospitals but, as Table I 
shows, the number of examinations that they per- 
formed has dropped by a factor of over three since 


1957. Some of the less common examinations have 
also shown some interesting trends. For example, the 
number of obstetric examinations per thousand live 
births has fallen from 114 in 1957 to 42 in 1977, no 
doubt as a consequence of the increased concern for 
possible fetal damage and the extensive use of 
ultrasound as an alternative to X rays. There has also 
been a drop in the number of cerebral angiograms as 
a result of the advent of computerized tomography. 
Most other types of radiological examinations have 
increased in frequency. The largest increase was seen 
in radiography of the pelvis and in cystography, both 
of which are about five times more frequent now 
than they were in 1957. 

About 6°, of all radiological examinations re- 
ported in the current survey involved fluoroscopy. 
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Relative frequency of examinations in NHS hospitals. For 

each type of examination the horizontal bars representing 

the relative frequency for each sex are superimposed so that 

the longer one only appears beyond the right hand limit of 
the shorter one. 


TABLE I 


ESTIMATED ANNUAL FREQUENCIES OF X-RAY EXAMINATIONS 
FROM DIFFERENT SOURCES IN 1957 AND 1977 
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examinations x 19° 
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NHS hospitals 
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"TABLE I 
MEAN GONADAL DOSES MEASURED IN THE CURRENT SURVEY BY EXAMINATION TYPE, AGE GROUP AND SEX 
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Lumbar spine, LS] 0.58 0.42 
Upper femur, hip 6.38 1.62 
Pelvis 5.53 1.46 
Intravenous pyelography 3.87 0.60 
Cystography 4,50 2:53 
Abdomen 1.51 0.66 
Barium enema 3.30 1.38 
Obstetric abdomen Fetal Gonad 
Barium meal 0.28 0.12 


Male 


-—--Female 


per 1000 


Examinations 


Age groups, y 


FIG. 2. 


Estimated frequency per 1000 population of all types of 
X-ray examination (except dental) in 1977 by age and sex. 


Increases in the frequency of cystography and to a 
lesser extent barium enemas have been balanced by a 
dramatic fall in the frequency of fluoroscopic exam- 
inations of the chest. Image intensifiers were re- 
ported to be used in 9594 of these examinations 
whereas they were practically non-existent at the 
time of the Adrian survey. The average fluoroscopic 
screening times for different examinations were 
essentially similar to those reported by the Adrian 
Committee. 

The variation of the frequency of diagnostic radi- 
ology with the age of the patient is shown in Fig. 2. 
It can be seen that the levels are highest for old 
people. In fact the frequency of radiological examin- 
ations per thousand for patients in their 20s has not 
changed much since 1957. The greatest increases 
have taken place in examinations of children and old 
people. As might be expected, individual types of 
examination have very different age variations. For 
example, examinations of the chest are commonest 
in older people, while those of the arm are common- 
est in children and young adults, and those of the 
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skull occur at about the same frequency for all age 
groups. 


2. The gonadal doses 

The mean gonadal doses measured for the nine 
examinations which were found to be the main con- 
tributors to the GSD are shown in Table II for both 
sexes and for four age groups. These groupings 
demonstrate the general trend for considerably 
lower gonadal doses to be delivered to children com- 
pared with adults. There is a less clear distinction 
between the doses received by young adults (16-45 
years) who would still have considerable child- 
bearing potential and those received by the over-45s 
for whom the hkelihood of conception has reached or 
is rapidly approaching zero. 

Not surprisingly radiography of the upper femur, 
hip and pelvis produced the highest mean gonadal 
doses for male patients, whilst fluoroscopic examin- 
ations of the lower abdomen were most important 
for female patients where frequently neither field 
size limitations nor gonadal shielding could be used 
to protect the ovaries. 

The relationship between the mean gonadal doses 
measured during this survey and those obtained by 
the Adrian survey was found to be dependent on the 
age of the patient as well as the type of examination. 
Table III shows the ratio of current to 1957 gonad 
doses for all adult patients (7 16 years), where for 
half the types of examination no significant difference 
could be seen between the doses delivered now and 
then, while for the other half there were increases in 
some and decreases in others. A ratio of 1.0 indicates 
that the difference between the mean values for 1957 
and for 1977 was less than their combined uncertain- 
ties. There was an increase of about a factor of three in 
the gonad dose for barium enemas since the Adrian 
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TABLE HI 
RATIO OF CURRENT TO 1957 GONADAL DOSES FOR ADULT 
PATIENTS 
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Current gonad doses 











Rano 1957 gonad doses 
| Examination Male Female 
Upper femur, hip 1.0 1.0 
Pelvis, lumbar spine 1.0 1.0 
Abdomen 1.6 0.4 
Obstetric abdomen e 0.76 
IVP 0.54 0.56 
Cystography 1.0 1.0 
Barium meal 1.0 1.0 
Barium enema 2:6 3.4 





survey, which is thought to be predominantly due to 
the relatively recent introduction of double-contrast 
techniques in fluoroscopic examinations of the colon. 
Indeed the number of films used in these examin- 
ations has doubled, but fluoroscopic screening times 
do not appear to have changed significantly, so the 
hoped-for reduction in dose to patients following the 
introduction of image intensifiers does not appear to 
have materialized. Obstetric abdominal examinations 
and intravenous pyelograms showed a definite re- 
duction in dose, the former being the only type of 
examination where the use of rare-earth screens has 
become relatively common. Considering all the types 
of examination shown in Table III there would not 
appear to have been a substantial overall change in 
the level of adult gonadal exposure for the past 20 
years. However, the situation for children is different 
as can be seen from Table IV. In this case most of the 
ratios are considerably less than unity and the only 
exception, female cystograms, is extremely dubious 
since the mean dose quoted in the Adrian survey is 
based on only two measurements and is 20 times 
lower than either their value for male cystograms in 
children or cystograms in adults of either sex. If this 
result is ignored it would appear that examinations 
on children are carried out nowadays with generally 
much lower gonadal doses than 20 years ago. 

Clearly current practice is delivering far lower 
gonadal doses to children than to adults, even when 
only adults below the age of 45 are taken into ac- 
count. Considering all the types of examination 
measured during the survey, the average gonadal 
dose per examination delivered to children was 40% 
of that received by adults between the ages of 16 
and 45. 

Another interesting finding was that the enormous 
variability in gonadal doses for the same type of 
examination, which was observed to occur through- 
out the country during the Adrian survey, was found 
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TABLE IV 


RATIO OF CURRENT TO 1957 GONADAL DOSES FOR CHILDREN 
UNDER 16 
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Current gonad doses 


Ratio 71957 gonad doses 
Examination Male Female 
Upper femur, hip 0.59 0.27 
Pelvis, lumbar spine 0.32 1.0 
Abdomen 0.50 | 1.0 
IVP 0.18 1.0 
Cystography 0.30 9,5* 
Barium meal 0.20 0.15 
Barium enema 0.38 0.52 


*Only two patients in 1957 survey. 
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Distribution of the measured gonadal doses for intravenous 
pyelography and radiography of the lumbo-sacral spine. 


to persist today. Figure 3 shows histograms repre- 
senting the distribution of gonadal doses measured 
for intravenous pyelography and radiography of the 
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lumbo-sacral spine in the current survey. The histo- 
grams are plotted on log scales and the gonadal doses 
span two to three orders of magnitude for female 
patients and nearly four orders of magnitude for 
males. There were similar distributions for other 
types of examination with coefficients of variation 
ranging from 100 to 30095, and closely matching 
those found for the same examinations in 1957. 
Analysis of the within-hospital and between-hospital 
variances demonstrated that very large variations 
exist in the gonadal doses measured at individual 
hospitals, frequently as wide as the variations seen in 
the country as a whole. The mean gonadal dose 
delivered by different hospitals for the same category 
of examination and sex was significantly different for 
onlv a few of the types of examination. In these cases 
the difference in the mean doses amounted at most to 
about a factor of three. 


3. The use of gonad shields 

Information was requested on the use of gonad 
shields during both the examinations that were re- 
corded for the frequency survey and those measured 
in the dose survey. Unfortunately, no detailed ex- 
planation was given of what was meant by a “gonad 
shield" and this may have led to some confusion. It 
was intended to include any radio-opaque device 
that was attached to, laid on or supported between 
the patient and the X-ray tube so as to shield 
specifically the ovaries or the testes from direct, 
scattered or leakage radiation. The use of adjustable 
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Frequency of reported use of gonad shields in different 
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beam limiting diaphragms was not meant to be in- 
terpreted as a "gonad shield" in this context. It 
seems unlikely however that such an interpretation 
was made on sufhcient occasions to prejudice the 
data seriously. 

The reported use of gonad shields was found to be 
extremely variable. There was considerable vari- 
ation between different hospitals, between different 
types of examination and between different age 
groups. Figure 4 shows that 40°, of the hospitals in 
the frequency survey reported the use of gonad 
shields in less than 1095 of all examinations while 
two hospitals reported over 909, use. Generally it 
was the paediatric hospitals that indicated the greater 
use of shields. Variation in the use of shields be- 
tween different types of examination is only to be 
expected. For many investigations a shield would be 
impractical either because it obscures vital inform- 
ation or because the patient has to adopt positions 
where its application would prove too difficult or in- 
convenient. For others the likely gonad dose is so low 
that further reduction is unnecessary or is unobtain- 
able with the simple devices available. However, an 
attempt was made to see if any correlation could be 
found between the frequency of use of gonad shields 
for different types of examination and the practica- 
bility and desirability of doing so, based on the advice 
received from a number of experienced radiologists. 
No clear correlation could be found, and for examin- 
ations where it was judged to be both desirable and 
practicable only 2095, of all patients were protected. 
On the other hand, a marked variation was observed 
depending on the age of the patient, as can be seen in 
Fig. 5. Gonad shields were used in about one-third of 
all examinations of children. A progressive decrease 
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in the use of protective devices was seen after the age 
of 16 so that for patients in their 30s who still retained 
considerable potential for bearing children, the figure 
had fallen to one-fifth of all examinations. Not sur- 
prisingly, use of gonad shields dropped rapidly after 
the age of 50. 

The reduction in gonadal dose achieved by the use 
of shields depends very much on the proximity of the 
gonads to the direct beam and on the type of shield 
used. Only flat radio-opaque sheets either in con- 
tact with the patient or casting a shadow over the 
gonads were used by hospitals taking part in the dose 
measurement survey. Such shields provide little 
protection from scattered radiation and are therefore 
less effective than devices that enclose the testes, 
particularly when they lie outside the direct beam. 
However, the gonadal doses for examinations of the 
abdomen, lumbar spine, pelvis and intravenous 
pyelograms were on average reduced by 75% for 
men and by 7094 for women when gonad shields 
were used for all or part of the examination, This is a 
substantial reduction, and a large impact could be 
made on the GSD if the use of shields during these 
types of examination was increased, because of their 
large contribution to the population genetic dose. 

Gonad shields do not of course provide the only, 
or even the best, means for reducing genetic doses. 
Precise beam collimation, the use of imaging systems 
with the optimum sensitivity, and the avoidance of 
unnecessary exposures, can all be extremely effective 
in providing protection to the patient and in many 
situations will be more important than the use of 
shields. However, the effectiveness of these other 
techniques could not be ascertained from the data 
collected for this survey as this assessment was not 
one of the survey’s specific objectives. In view of the 
very wide range of gonadal doses observed it may be 
considered necessary to initiate further work with 
the objective of identifying whether the large range 
can be related to specific factors of technique or 
whether it is mostly due to differences in physique 
and pathology of the patients. No correlation could 
be found between gonad doses and the limited data 
on physique collected during the gonadal dose sur- 
vey. There is evidence from other surveys of diag- 
nostic X-ray techniques, both in this country and 
abroad, that if differences between patients are 
eliminated by substituting a standard phantom, there 
remains considerable variation in the doses delivered 
by different practitioners. The Nationwide Evalu- 
ation of X-ray Trends (NEXT) programme has been 
in operation in the USA since 1972. In this pro- 
gramme operators of diagnostic X-ray equipment 
are asked to select their usual techniques for con- 


ducting a particular examination on a well-defined 
“standard-sized” adult patient and then exposure 
measurements are made and organ doses calculated 
for this standard patient. The wide range of tech- 
nique factors that were found to be employed for a 
relatively simple examination like an AP lumbo- 
sacral spine led to ovarian doses ranging over a factor 
of 200 and testicular doses ranging over a factor of 
3000 (Gaskill et al, 1974). Consequently, hetero- 
geneity of patients would not appear to be the major 
cause for variability in gonadal dose. 


4. The Genetically Significant Dose 
The annual GSD from diagnostic radiology in 
National Health Service (NHS) Hospitals in 1977 is 
estimated to be 113 «Gy (11.3 mrad) with a standard 
error of about 12 «Gy (1.2 mrad). Additional con- 
tributions to the GSD from radiology conducted 
other than in NHS hospitals are given in Table V. 
These bring the estimated total GSD from diagnostic 
radiology in 1977 up to 120 „Gy (12 mrad). 
The corresponding total for the 1957 national sur- 
vey was 141 Gy (14.1 mrad). Although this is 
slightly higher than the present estimate, the differ- 
ence is less than twice its standard error, and there 
are also methodological differences between the two 
estimates which may have led to a lower value for 
1977. One principal difference between the two sur- 
veys arises from the separation of the gonadal doses 
into three age groups for the important examination 
types in the 1977 survey, whereas data on only two 
age groups (children and adults) were available in 
1957. By distinguishing between adults of child- 
bearing age and older people, who generally receive 
higher gonadal doses (Table II), a lower and more 
realistic estimate of the GSD has been made than 
otherwise would have been the case. If all adults had 
been considered together in a single age group the 
GSD would have been about 15% higher (~140 
p Gy), bringing it very close to the 1957 estimate. 
Therefore there is no evidence of a change in the 


TABLE V 
THE CONTRIBUTIONS TO THE GSD FROM DIAGNOSTIC 
RADIOLOGY PRACTISED WITHIN AND OUTSIDE THE NHS 


Total 


Source GSD (uGy/yr) | 

NHS hospitals | 113 7 

i Armed forces 2.2 | 

Private hospitals | 1.7 

Private practice | 1.3 | 

Dental radiology | 0.3 | 
| 
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TABLE VI 
ESTIMATED CONTRIBUTIONS TO THE GSD FROM THE MORE | MPORTANT TYPES OF EXAMINATION IN NHS HOSPITALS FOR MALES 
FEMALES AND FETUSES. A COMPARISON OF THE 1957 AND 1977 NATIONAL SURVEYS 


^ 


Examination 





Pelvis and lumbo-sacral area 
Upper femur and hip 
Urography 

Cystography 

Barium enema 

Abdomen 

Obstetric abdomen 

Other 
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Total 


level of the annual GSD from diagnostic radiology 
over the last 20 years. 

The contributions to the GSD from the various 
types of examination carried out in NHS hospitals 
are shown in Table VI for males, females and fetuses, 
both for the previous survey and the current one. 
The present pattern is broadly similar to that occur- 
ring 20 years ago except that there has been a 
dramatic fall in the contribution from examinations 
of the obstetric abdomen and large increases in the 
contributions from cystography and barium enemas. 
The fall in the contribution from obstetric examin- 
ations is due to reductions in both the frequency of 
these examinations and in the gonadal doses de- 
livered per examination. The increased contribution 
from cystography is due chiefly to an increase in its 
frequency, while the increased contribution from 
barium enemas is a reflection of the increased num- 
ber of complex investigations of the colon which re- 
sult in higher ovarian doses per examination. Despite 
these changes, the contributions to the total GSD 
from male and female patients remain remarkably 
similar over the 20-year period, while the contribu- 
tion from fetuses has fallen by a factor of almost four. 
This drop is due almost entirely to the decrease in 
importance of obstetric examinations. 

Examinations of children are responsible for about 
one-quarter of the GSD. This is rather less than 
would be expected from a consideration of the rela- 
tive number of children and adults in the population 
(the number of children under 15 is 5594 of the 
number of adults between 16 and 45), despite the 
fact that the former have a higher child expectancv. 
Differences in frequency of examinations account for 
only a part of this effect, the main reason being the 
substantially lower gonadal doses that children re- 


A 





/ 








d 
e 
e 








celve per examination. The per caput gonadal dose 
for children is only one-fifth of that for adults of 
child-bearing age. 

Separate estimates of the GSD were made for 
England, Scotland and Wales but no significant 
differences were found between the values for each 
country. 


DISCUSSION 

At first sight it might seem surprising that over the 
last 20 years the GSD has remained stable although 
the frequency of radiological examinations per head 
of the population has increased by about 50°. Three 
factors account for this. Firstly, although a consistent 
trend towards lower doses per examination is not 
evident when adult patients are considered, there is 
a marked reduction in the doses given to children for 
nearly all types of examination. Secondly, obstetric 
radiology, which was the most important single con- 
tributor to the annual GSD in 1957, providing 45 
out of the total of 141 »Gy, now contributes only 6 
p Gy. Thirdly, although the overall increase in fre- 
quency of examinations of all types has been about 
50%, much of this increase has occurred in patients 
who are beyond child-bearing age. Such examin- 
ations do not contribute to the GSD. 

It might seem fair to conclude that, since this level 
of population gonadal exposure from diagnostic radi- 
ology was considered acceptable by the Adrian Com- 
mittee in 1960, the situation probably remains satis- 
factory today. This presupposes however that our 
appreciation. of the genetic risks associated with 
ionizing radiation has remained unchanged over 20 
years. The recommendation of the Adrian Commit- 
tee that there was no need for any major restrictions 
in radiological practice was based on two conclusions 
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of a report published by the Medical Research Coun- 
cil in 1956. These were, firstly, that the maximum 
amount of additional radiation. which may be re- 
ceived by the population as a whole, without giving 
rise to concern, is unlikely to be more than twice the 
natural background dose, i.e. 6 rad per generation; 
secondly, doses up to, and somewhat bevond, the 
"doubling dose" for genetic effects (then assessed to 
be about 50 rad) from conception to the age of 30 
years, need give no concern to the individual as re- 
gards his own offspring. Since the GSD from all 
branches of medical radiology was about 20 mrad per 
year, leading to only 0.6 rad per generation averaged 
over the whole population, and since the dose to the 
gonads for any X-ray examination was very small in 
comparison with the 50 rad "doubling dose", there 
indeed did not appear to be any serious cause for 
concern. 

Current estimates of the probability of serious 
genetic defects following exposure to ionizing radi- 
ation assume a "doubling dose" of 1 Gy (100 rad) 
(Oftedal and Searle, 1980), based on experimental 
work with mice. Analysis of the naturally-occurring 
frequencies of the various types of serious genetic 
defects in human populations in combination with 
this "doubling dose" have been used to estimate an 
overall risk factor for the transmission of serious 
hereditary ill health to future generations. 'T'his has 
been published in ICRP Report 26 where a value of 
107?8v-1 is quoted for the probability of serious de- 
fects appearing in the first two generations with an 
additional equal probability for all succeeding 
generations. 

Although the promulgation of such universally 
applicable risk factors allows the calculation of the 
likely extent of the genetic consequences from any 
source of gonadal exposure, such estimates must be 
treated with considerable reservation. Many large 
uncertainties surround the data used in the deriva- 
tion of these factors and many assumptions have to 
be made to arrive at a single figure for use in all cir- 
cumstances. Not the least assumption is that results 
obtained with laboratory animals are applicable to 
man. Nonetheless, such an imprecise estimate may 
serve the useful purpose of placing the genetic risks 
of diagnostic radiology into some form of perspective, 
even if it is realized that it may well be in error by an 
order of magnitude either way. 

Taking the annual value of the GSD to be 120 pSv 
and the risk factor for genetic injury in all future 
generations to be 2.107? per sievert received by either 
parent, then from equations (1) and (2) 

total annual genetic injury to population = 


aGSD x SP; 


XP, is twice the number of children expected 
from the present population. Referring to the child- 
expectancy figures of Taylor and Webb (1980) 


2 P4 — 42.108 


..total annual genetic injury to 

population — 2.107? x 120.1078»: 42.108— 100 cases. 

In view of the generally conservative assumptions 
made in the derivation of this number, it seems more 
likely that it will represent an over-estimate of the 
true consequences of diagnostic radiology rather 
than an underestimate. For comparison, UNSCEAR 
(1977) estimates that about 10°, of all live births will 
experience some form of genetic disorder in the 
course of their lives. In Great Britain this amounts to 
about 60000 births annually, but not all of these dis- 
orders will be as serious as those predicted by the 
hereditary risk factor recommended in ICRP 26. 

Comparison with other countries and with other 
sources of population exposure may further serve to 
place the contribution of diagnostic radiology in 
Great Britain into a sharper perspective. Figures ob- 
tained during the past ten years for the frequency of 
X-ray examinations and the GSD in overseas coun- 
tries are shown in Table VII. Rigorous comparisons 
would be unjustified in view of the differences in the 
methods used to derive the figures for each country 
and the large associated uncertainties, some of which 
are mentioned in the last column of the Table. Not- 
withstanding this proviso it is still apparent that the 
GSD for Great Britain is considerably lower than 
those published for other developed nations. One 
obvious cause for this is the relatively low annual 
frequency of diagnostic examinations per thousand 
head of population in Britain. Closer scrutiny of the 
data reveals that the gonad doses in the UK are in 
general at least as low as in other countries with 
sophisticated radiological services except possibly 1n 
Japan. Although the frequency of examinations in 
Japan is towards the high end of the range, it is 
notable that the GSD has been maintained at the 
relatively low level of 170 wGy (17 mrad). It is per- 
haps not merely coincidental that the literature con- 
tains a disproportionately large number of papers 
from Japan dealing with radiological protection in 
medicine. In contrast, the figures for the GSD from 
some of the developing countries are rather higher 
than would be expected on the basis of the reported 
frequency of diagnostic examinations. 

The relative contribution of diagnostic radiology 
to the total GSD received by the population of 
Great Britain from all major sources of gonadal ex- 
posure is shown schematically in Fig. 6. Values for 
the other contributors are taken from the report of 
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Fic. 6. 


T he relative contributions of different sources to the total 
GSD received by the population of Great Britain in 1977. 


Taylor and Webb (1978). The GSD from all forms of 
diagnostic radiology amounts to 1294 of that from 
natural background radiation, which is comparable 
in magnitude to the difference in levels of back- 
ground radiation received by people living in dif- 
ferent parts of Great Britain. On the other hand, it is 
responsible for 87°, of all man-made sources of the 
population's genetic exposure. 


CONCLUSIONS 

It would seem reasonable to conclude that the cur- 
rent situation 1n Great Britain 1s broadly satisfactory 
for, notwithstanding a substantial increase in the 
frequency of X-ray examinations, the probability of 
serious hereditary defects being passed on to future 
generations has not significantly changed in 20 years 
and would appear to be considerably lower than that 
found in comparable industrialized countries. 

A level of no more than 100 cases of serious genetic 
injury per year, in comparison with the 60000 cases 
of genetic disorder that occur naturally, would ap- 
pear to be justified in terms of the undoubted benefits 
conferred upon society by the practice of diagnostic 
radiology. Any major restrictions imposed upon 
these services are likely to result in more suffering 
than they could reasonably hope to prevent. 

However, there is some evidence from the data 
collected for this reappraisal that radiological pro- 
tection practices could be improved so as to reduce 
the genetic consequences still further with no detri- 
ment to the care of patients. The very large variabili- 
ty found in individual gonadal doses for the same 
type of examination, together with the observation 
that examinations could be satisfactorily conducted 
on children with a much higher degree of gonadal 
protection than that given to young adults, both 


suggest that some patients could be receiving doses 
that are unnecessarily high. 

A 1595 reduction in the contribution from diag- 
nostic radiology would have the same effect on the 
total GSD to the population of Britain as eliminating 
all other man-made sources of ionizing radiation 
completely. Considering the large investment in 
radiological protection in other fields such as the 
nuclear-power industry, the relatively modest expen- 
diture required to achieve a small but very significant 
reduction in medical exposures would seem to be 
justified. It is a fundamental precept in radiological 
protection that all exposures, however small, should 
be reduced until economic or social factors intervene 
to make further reduction unprofitable (ICRP, 
1977). 

The surveys carried out for this reappraisal of the 
GSD were not designed specifically to identify those 
practices or techniques leading to high gonadal 
doses. However, it became apparent that the pattern 
of use of gonad shields was somewhat erratic, and 
their more consistent employment on patients of 
potential child-bearing age would be one simple 
method of effecting an appreciable reduction in 
gonadal exposure. The more widespread use of rare- 
earth screens and improvements in some hospitals in 
the facilities for providing precise beam collimation 
would also considerably reduce the amount of radi- 
ation received by patients. 

There would seem to be a need for further in- 
vestigations to identify the parameters of technique 
responsible for the large variation in gonadal doses. 
Also a simple method for routinely assessing the 
relative risk of X-ray examinations, so that indi- 
vidual practitioners could readily compare their own 
performance with the national pattern, might well 
increase the opportunities for identifying and reduc- 
ing sources of high exposures of patients. Such de- 
velopments are being given active consideration in 
the NRPB's continuing medical dosimetry pro- 
gramme. 
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ABSTRACT 

Two hundred and twelve patients with recognizable 
coronary artery block and no other pathology were selected 
using an interactive computer data retrieval system. The 
relationship of coronary artery collaterals to left ventricular 
(LV) dysfunction was investigated. Analysis revealed the 
significant role of the left anterior descending (LAD) 
coronary artery and collateral development to the preser- 
vation of LV function. 

This study underlines the value of radiological obser- 
vation when subject to statistical scrutiny. 


The role of coronary collaterals as contributors to 
left ventricular myocardial perfusion has been 
debated during the past decade but with no con- 
clusion. Some studies (Baltaxe and Gensini, 1973; 
Bemis et al, 1973; Bing and Hellberg, 1972; 
Bodenheimer et al., 1977; Helfant et al., 1970, 1971; 
Knoebel et al, 1972) deny that they make any 
contribution at all, whilst others claim evidence to 
prove that the coronary collateral circulation pro- 
vides a significant compensatory mechanism (Aloan 
et al, 1977; Cohen, 1978; Flameng et al., 1978; 
Frick et al., 1976; Hecht et al., 1975; Helfant et al., 
1977; Levin et aL, 1973; Schaper et al, 1973; 
Shakhov, 1978). McGregor (1975) believed that it 
was the unreliability of the indirect method, t.e. 
angiocardiography, which led to this disagreement 
and commented that to pursue it was unlikely to be 
profitable. 

We believe that indirect observations, even when 
the variables are many and complex, are valid 
provided that they are made on a large sample. 
Because we have cardiac investigative data from this 
unit stored on computer, we felt we were in a position 
to undertake this study. 

Our aim was to define critical coronary artery 
obstruction and to determine if collaterals help 
myocardial perfusion and preserve myocardial 
function. 


SUBJECTS AND METHODS 
A total of 606 consecutive patients having a full 
cardiac investigation, including catheterization and 
angiocardiography, was studied. Of these 307 had 


At 
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significant atheroma and 212 had no other known 
pathology. The age range was 28 to 70 years. All 
patients had left heart catheterization via the right 
femoral artery. Routine blood pressures and oxygen 
saturations were measured. Left ventricular cine 
angiography in the right anterior oblique (RAO) 
position was carried out using a National Institute of 
Health (NIH) No. 8 disposable catheter. Forty 
millilitres of Cardio- Conray (May & Baker) were in- 
jected. Selective coronary arteriography, using the 
Judkins technique, was carried out. Analysis of left 
ventricular wall motion was made subjectively on a 
35 mm cine projector and dysfunction was graded 
mild, moderate, severe and gross, using values 0 to 4. 

Occlusion of the three main coronary arteries, the 
left anterior descending(LA D), thecircumflex( CIRC) 
and the right coronary artery (RCA) were graded 
conventionally, 5095, 7095, 9095, 10095, using values 
0 to 4. 

The extent of collateral development was more 
difficult to grade subjectively. Grade 0 with no 
collaterals, and grade 4 where all branches filled 
instantly via large collaterals, were easily defined. 
Grade 1 was defined as a myocardial blush and/or 
the opening of minimal epicardial collaterals, but 
where the distal blocked artery was never visible. 
Grade 2 was where the distal blocked artery was 
partially visible, grade 3 where the distal blocked 
artery was fully visible or where it was supplied by 
myocardial bridge collaterals. 

Age, duration of symptoms, and mortality were 
also recorded. The characteristic difficulty, which 
becomes apparent from a survey of the literature, is 
the simultaneous comparison of three variables: left 
ventricular function, collateral response, and coro- 
nary occlusion, of which the latter is a compound of 
three arteries of differing importance and variable 
obstruction (Fig. 1). The literature generally agrees 
that the LAD supplies twice the myocardial mass of 
the CIRC or the RCA (Brandt et al., 1977), so a 
system of scoring was evolved by which the four 
grades, 1, 2, 3 and 4 were added together with the 
LAD score doubled, giving a possible score of 16. 
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For the analyses of results, the data were subjected 
to factorial analyses using both varimax and oblique 
structure matrices, in order to determine which 
indices should be used in step-down multiple 
regression analysis. The 5% level of significance was 
accepted as significant. 


RESULTS 
Table I shows the mean values and standard 
deviations of all variables studied. Figure 2 shows the 
coronary collateral artery occlusion score regressed 
on left ventricular dysfunction. Whilst the corre- 
lation coefficient is significant (p<0.001), the 


mately 9294 of the variance is unaccounted for. 
Further it shows that at grade 1, where function of 
the left ventricle (LV) begins to fail, a score of 9.5, 
equivalent to more than 90°, occlusion of the LAD 
artery, is critical. 

Figure 3 compares the coronary artery occlusion 
score with collateral artery response; it shows a 


CORONARY ARTERY INSUFFICIENCY 


PRINCIPAL VARIABLES 


Myocardial Function 


Coronary Artery Block Collateral Development 
Circumflex nili semen pon 
teft Anterior Descending 
Right Coronary Artery 
FG. T 
A fow diagram illustrating the interaction of complex 
variables. 


significant correlation r=0.60, «0.001. When 
coronary collateral development is compared with 
left ventricular dysfunction (Fig. 4), a low non- 
significant negative correlation (r= —0.04) results. 


e aca aA atta PRI rr PP en meted e aioe i ar et Aer ed P a aa 


Scores 
oo 


Occlusion, 


Artery 


2 


Coronary 


l 
m 
Í 
i 
tr i 
| 
H 
i 
Lr. 


1 2 3 å 
Left Ventricular Dysfunction (Angio), Grades 
Fic, 2. 


The relationship of coronary artery block (CAB) to LV 
function. Dotted line is shown defining significant CAB. 


TABLE I 


DETALLS OF THE PATIENTS HAVING FULL CARDIAC INVESTIGATION, INCLUDING MEAN VALUES AND RANGES FOR THE INDICES USED IN 
THE ANALYSIS 







Age 
Duration of symptoms 

Circumflex artery, occlusion grades 

Left anterior descending artery 

Right coronary artery 

Grades of collateral arteries development 
Left ventricular dysfunction, grades 
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12 CAS OF NARY ROMA Table II gives the multiple regression equations 
ITH ANGINA OF for the indices of LV dysfunction on age, duration of 
symptoms, mortality, occlusion and collateral artery 
11 "P development, together with the multiple correlation 
e 
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The good relationship of coronary artery collateral develop- — The poor correlation between CACD and LV function when 
ment (CACD) to CAB in a large series. considered in isolation, 


TABLE II 
MULTIPLE REGRESSION (R) EQUATION WHICH BEST DESCRIBES THE LV DYSFUNCTION IN TERMS OF THE 7 MEASURED VARIABLES 









LV No. of 
Dysfunction Duration of Circumflex collateral 
+ ON: + Age + symptoms --Mortality-- artery + LAD + RCA -+ arteries 
(x1) (x2) | (x3) | (x 4) (x5) ( x 6) (x 7) 
Intercept Regression coefficients 
—0.871 0.024 —0.036 0.047 0.101 0.331 0.117 —0.140 
* x * * 






ns ns ns 


R=0.363***; SEE = 4-1.35. 
Levels of significance: 
REE n < 0.001 
** 5 0.01 
* 5 «0.05 


ns not significant. 
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coefficient (R) and the residual standard error of the 
estimate (SEE) for the equation. Here also the 
relative importance of two main coronary arteries 18 
indicated by their significant terms, but with the 
LAD artery showing considerable dominance over 
the RCA by virtue of its greater level of significances 
(p«0.001). Also illustrated are two further signi- 
ficant terms: age and the number of collateral 
arteries. It can be seen that there are three non- 
significant terms in the equation: duration of 
symptoms, CIRC and mortality. In order of magni- 
tude of the computed t value they have been removed 
from the analysis by step-down multiple regression 
(Fig. 5, Table HT). 


DISCUSSION 

The "problem" of the role of coronary artery 
collaterals is the problem inherent in a situation 
where many variables are operating simultaneously. 
Earlier authors using various criteria concluded that 
coronary artery collaterals made little contribution to 
myocardial perfusion and myocardial function. In 
these circumstances it is perhaps understandable 
that a reviewer should conclude that the indirect 
method was unlikely to give the answer (McGregor, 
1975). 

More recently, workers using detailed measure- 
ments (Hecht et al., 1975), matched subject groups 
differing only in the extent of the collateral response 
(Aloan et al., 1977; Lavine et al., 1974; Shakhov, 
1978), the use of isotopes (Frick et al., 1976; Schaper 
et al., 1973) and even the direct measurement of 
distal coronary artery pressure during surgery 
(Flameng et al., 1978) supported the opposite view 


+9 


that coronary artery collaterals do make a significant, 
but undefined, contribution. The good correlation 
between coronary artery block (CAB) and coronary 
artery collateral development (CACD) shown in 
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The significant multiple correlation between LV dysfunction 
and CACD when other significant variables are included in 
the equation. 


TABLE III 
THE MULTIPLE VARIABLES WHICH BEST DESCRIBE LEFT VENTRICULAR DYSFUNCTION IN 212 PATIENTS WITH SIGNIFICANT ATHEROMA 


LV 
dysfunction 


(Y) 


Intercept 


R=0.357; SEE = +1.35. 
Levels of significance: 
** n < 0.001 
** 5 0.01 
* p «0.05 





No. of 
collateral 
Arteries 


(x 4) 
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Fig. 3, whilst not directly relevant, gives confidence 
that the subjective observations have validity. 

It would seem logical, in a situation where the 
main problem was the large number of interacting 
variables, that if a large enough number of subjects 
were studied, by a statistical method which took 
account of all the relevant factors, an answer could 
be forthcoming. In this respect, step-wise multiple 
regression analysis, when applied to our data, has not 
only established the role of collateral arteries in 
myocardial perfusion—it has also defined the 
importance of the other significant contributory 
variables. It is interesting that the contribution made 
by one of the independent variables, the circumflex 
artery, is non-significant and was dropped from the 
regression procedure. Two of the original variables, 
duration of symptoms and the mortality, had com- 
puted ¢ values close to the 5% level of accepted 
significance, so it should be borne in mind that with 
larger numbers, duration of symptoms and mortality 
may be shown to be important. Preliminary analysis 
shows that in those with symptoms of over five 
years, and grade 1 LV dysfunction and grade 2 or 
more CACD, the mortality is low-—approximately 
6%, per annum. 

Coronary collateral development relates inversely 
to LV dysfunction, with a small but significant 
multiple correlation coefficient of R-—0.357 (p 
< 0.001), when taken with age and CAB. 

We recognize that there must be other factors less 
clearly defined which should be taken into account 
to explain the variance of 87°, (1 — R?). Such factors 
may be: site of occlusion in relation to other arteries, 
and speed of development. 

In conclusion we think that one of the most 
useful characteristics of this interactive computer 
system is that it allows analysis of the type of complex 
data which is commonly presented in our routine 
work. 
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ABSTRACT 

Criss-cross heart is an angiographically confusing malfor- 
mation where apparent crossing but not mixing of contrast 
medium is seen at atrioventricular level. The malformation 
can be understood by a clockwise or counter-clockwise 
ventricular rotation. In the normal heart or one with 
complete transposition ventricular rotation is clockwise. 
With corrected transposition rotation occurs in à counter- 
clockwise fashion. One case of criss-cross heart with 
associated corrected transposition and two criss-cross hearts 
occurring with complete transposition are reported. 


Criss-cross heart is a rare congenital malformation 
which represents a diagnostic challenge to cardiac 
radiologists and cardiologists. 

The term was introduced in order to explain a 
complex anatomical arrangement of the AV valves 
and ventricles seen in hearts with transposition 
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Fic. 1. Case /. 


PA chest film showing mild cardiomegaly, slightly increased 
vasculature and narrow mediastinum due to lack of thymic 
tissue. Left aortic arch. 


(Anderson et al., 1974). The other designations for 
this type of complex transposition include “mixed 
laevocardia", “‘corrected transposition of the great 
arteries with extreme counter-clockwise torsion of 
the heart" (Franco-Vazquez et al., 1973), "uncor- 
rected laevotransposition with horizontal ventricular 
septum" (Guthauer et al., 1976), "inverted ventricles 
with normal atrioventricular and 
"transposed great artery connections" (Elliot, 1978). 
Because of the confusing terminologv, we prefer to 


connections ’ 


retain the descriptive term “criss-cross heart" which 
was also used by Freedom et al. (1978). 

It is the purpose of this communication to pro- 
pose a simple concept for this complex malformation 
by using a rotational theory. Three well documented 
cases of criss-cross hearts are described. 


Case REPORTS 
Case | 
Clinical features. The patient was a boy born following a 
full-term pregnancy and delivery. At birth the Apgar rating 
was 9, At 24 h of age, he was cyanotic and a cardiac murmur 
was noted. Lethargy and cyanosis were noted on physical 
examination at the age of 30 h. The cardiac rate was 





Fic. 2. Case Í. 


Right atriogram (RA) showing an abnormally high tricuspid 


valve with flow of contrast medium into the venous ventricle 


(VV) which is located high at the left heart border. 
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3. ( “ase 


Fic. l. 
(4 and B) Injection into the venous ventricle (VV) shows 
trabeculation and an infundibulum indicating an anatomical 
right ventricle. ‘The aorta arises from this ventricle as in 
complete transposition. The pulmonary artery arises from 
the anatomical left ventricle (AV) which fills via ventricular 

septal defect. The pulmonary artery is transposed. 

3 


_ 


120/min and respiratory rate 60/min. A grade 2/6 mid- 
systolic murmur was present along the lower left sternal 
border. The edge of the liver was palpable 3 cm below the 
right costal margin. 

An electrocardiogram was considered normal for age. The 


thoracic radiograph showed signs of increased pulmonary 


blood flow and a narrow mediastinum. The cardiac contour 


Was consistent with complete transposition of the great 
vessels (Fig. 1). 

Cardiac catheterization indicated an unusual form 
transposition of the great vessels, ventricular septal defect 
and coarctation of the aorta, A Rashkind procedure (atrial 


of 


/ 


+ 
3 


H 
FIG. 4. Case Í. 


(4 and B) Left atrial (LA) injection showing flow of contrast 

medium into the anatomical left ventricle (AV) which lies 

inferiorly. The anatomical right ventricle (VV) fills through a 
ventricular septal defect. 


septostomy) was performed, and digitalization was also 
instituted. The coarctation of the aorta was resected and the 
ductus arteriosus was ligated when the patient was four days 
old. Because of persistence of tachypnoea and hepatomegaly, 
a second catheterization was performed to reassess the 
cardiac status. Subsequently, a pulmonary arterial band was 
placed at one month of age, following which the cardiac 
failure improved. Pneumonia developed and death occurred 
at the age of four months. 

Angiocardiographic findings. A right 
How of contrast medium into a ventricle located superiorly 
and anteriorly along the left heart border (Fig. 2). 


atriogram showed 
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Fic. 5. Case 1 

(A and B) AP and lateral views of injection of the smooth 
walled anatomical left ventricle (AV) shows filling of the 
pulmonary artery. There is a conus for the pulmonary 
artery with subpulmonary stenosis. The anatomical right 
ventricle (VV) fills via ventricular septal defect. On the AP 
view, the septum is oriented identical to corrected transpo- 

sition, 


Selective injection of contrast medium into this ventricle 
demonstrated both trabeculation and an infundibulum 
characteristic of an anatomical right ventricle. The aorta 
originated anteriorly from this ventricle and was located in 
the mid-line (Fig. 3a). The other ventricle was partially 
filled through a ventricular septal defect (Fig. 38). The 
pulmonary artery was located posteriorly, and the pulmon- 


-— ^ 
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ic. 6. Case I. 


Laevophase showing opacification of the left atrium, left 
ventricle, and pulmonary artery as in complete transposition 
ot the great vessels. 


ary Valve lay lower than the aortic valve. Coarctation and 
tubular hypoplasia of the aorta were noted immediately 
beyond the left subclavian artery, and a left arch was present. 

Injection into the left atrium showed this chamber to be 
normally positioned, The contrast medium passed into a 
ventricle located posteriorly and inferiorly (Fig. 4a, B). 
Selective injection into this ventricle showed the smooth 
interior of an anatomical left ventricle: however, there was 
clear separation between the mitral valve and the semilunar 
valve. ‘The ventricular septum was orientated perpendicu- 
larly to the anterior chest wall as in some cases of corrected 
transposition, and separated the left-sided, anterior ana- 
tomical right ventricle (venous ventricle) from the right- 
sided, posterior anatomical left ventricle (arterial ventricle). 
The pulmonary artery from the anatomical left 
ventricle (arterial ventricle), and there was narrowing below 
the pulmonary valve (Fig. 5a, B). 

In the late phase of this study, reopacification of the left 
atrium, left ventricle, and pulmonary artery occurred as in 
complete transposition of the great vessels (Fig. 6). 

The angiograms thus showed that the aorta arose 
anteriorly from an anatomical right ventricle and the pul- 
monary artery posteriorly from an anatomical left ventricle, 
und that the passage of the contrast medium was identical to 
that in complete transposition. The unusual feature was that 
the anatomical right ventricle lav to the left of the anatomical 
left ventricle so. that. the inflow to the ventricles 
appeared to cross, 

Pathological findings. The heart was enlarged, and the 
apex pointed to the left side. The great vessels were trans- 
posed, and the aorta lay toward the right and anteriorly to 
the pulmonary trunk. The ascending aorta pointed toward 
the right (D-transposition). Jn situ the ventricular septum 
was positioned in a diagonal fashion so that the anatomical 
right ventricle occupied a left superior position and the 
anatomical left ventricle a right inferior position. By counter- 
clockwise rotation, the specimen was almost identical to a 
regular D-transposition (Fig. 7). 

The anatomical right atrium lav to the right of the 
anatomical left atrium and received the venae cavae and 
coronary sinus. The aorta arose from the conus of the right 
ventricle. Two ventricular septal defects were present, each 
muscular. 

The left atrium received the pulmonary veins and led 
through the mitral valve into the anatomical left ventricle 
from which arose a pulmonary artery with a bicuspid valve. 


N 


arose 


venous 
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C'ase i. 

Interior of anatomical right ventricle (VV) and aorta (A). 

Ihe heart has been rotated in counter-clockwise fashion 

converting the angiographically demonstrated criss-cross 
heart into a regular transposition. 


Fic. 45 


A column of muscle separated the pulmonary and mitral 
valves, vielding a left ventricular conus and subpulmonary 
stenosis. 


C'ase 2 

Clinical features, A ten-month-old cyanotic male infant 
was noted to have an elevated haemoglobin value and a 
cardiac murmur. Physical examination revealed a moderately 
cvanotic infant with equal blood pressures in the upper and 
lower extremities. The first cardiac sound was normal and 
the second sound was loud and single. A grade 2/6 systolic 
ejection murmur was present along the left sternal border 
and in the "pulmonary area", The liver was palpable 2 cm 
below the right costal margin. 

The electrocardiogram showed normal P waves and PR 
interval, The QRS axis was + 135°. In each of the precordial 
leads there was an RS pattern. The thoracic radiographs 
showed normal pulmonary vascular markings and normal 
cardiac size. The haemoglobin concentration of the blood 
was 17.2 g/100 ml and haematocrit was 55°,. Cardiac 
catheterization showed that both ventricles had identical 
systolic pressures. The pulmonary arterial pressure was not 
recorded. Atrial pressures were identical. Oximetry data 
indicated a right-to-left shunt at the atrial level and a left-to- 
right shunt at the ventricular level. 

Angiocardiographic findings. A selective right atriogram 
showed a high position of the right atrium and filling of a 
ventricle which was located at the left superior heart border 
(Fig. 8). Injection of contrast medium into this ventricle 
(Fig. 9a, B) showed marked trabeculation and an infundi- 
bulum. The aorta arose from this ventricle and was located 
anteriorly and to the left similar to corrected transposition. 
A left atriogram showed the left atrium to be small (Fig. 10) 


Fic. 8. Case 2. 
Right atriogram shows reflux of contrast medium into the 
superior vena cava and inferior vena cava. The right atrium 
(RA) is small and located abnormally high. The tricuspid 
valve is in abnormal high location; and there is filling of a 
ventricle (VV) which occupies the left upper heart border, 
and there is filling of the aorta (AO) as in complete transpo- 
sition. 


and connected to a ventricle lying posterio-inferiorly. Two 
papillary muscles were present indicating an anatomical left 
ventricle. The pulmonary artery arose from this ventricle 
and was located posteriorly to the aorta as in complete 
transposition. 

C'ase 3 

Clinical features, A baby girl was admitted at two months 
of age with a diagnosis of congestive heart failure and was 
treated with digitalis. At ten months of age the child was 
cyanotic with slow weight gain, remaining below the fifth 
percentile for her age. There was a systolic thrill at the left 
sternal border and a loud systolic murmur at the pulmonary 
area. Cardiac catheterization was undertaken to define the 
anatomical lesions. 

Angiocardiographic findings. The first ventriculogram 
demonstrated reflux of contrast medium into the right atrium 
(Fig. 114, B). This ventricle was located posteriorly and to 
the left, connected to a pulmonary artery as in corrected 
transposition. It was smooth-walled, had two papillary 
muscles, and no infundibulum as in an anatomical left 
ventricle. There was opacification of the other ventricle and 
the aorta from a right-to-left shunt through a ventricular 
septal defect. Both great vessels were clearly transposed. The 
flow of contrast medium from the right atrium through the 
right AV valve into the anatomical left ventricle was con- 
firmed haemodynamically by cardiac catheterization. 

Selective injection of contrast medium into the other 
ventricle which lay anteriorly and to the right showed an 
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^ FIG 9. C'ase 2. B 


(A and B) Injection into the left-sided anatomical right ventricle (VV) showing reflux into the right atrium (RA) and Opaci- 
fication of the aorta as in complete transposition. Position of the aorta identical to corrected transposition. 


anatomical right ventricle. At cardiac catheterization, it was 
confirmed that this ventricle. received pulmonary venous 
blood, being 94 saturated. The left ventricle (venous 
ventricle) and pulmonary artery were faintly opacified via 
ventricular septal defect (Fig. 125, B). The aortic valve was 
higher than the pulmonary valve indicating that it was 
connected to an anatomical right ventricle with an infundi- 
bulum. 'Phus, all features of corrected transposition were 
present except for the anomalous position of the ventricles 
resulting in apparent crossing of the blood stream at the AV 
valve level. 
DISCUSSION 

The three reported cases are angiographically and 
haemodynamically well documented. Cases | and 2 
have the haemodynamic features of complete trans- 
position; Case 3 is physiologically normal but has 
transposed great vessels, as in corrected transposi- 
tion. Case 2 has one angiographic characteristic of 
corrected transposition, namelv the aorta in apparent 
L position. Case 3 again does not look like the usual 
corrected transposition in that the position of the 
aorta resembles angiographically D-transposition. 


Fic. 10. Case 


Left atriogram showing reflux into left pulmonary veins and 
filling of the right-sided anatomical left ventricle (AV), 
‘There is also filling of the anatomical right ventricle (VV) 
through a ventricular septal defect. LA — left atrium. 


740 





SEPTEMBER 1981 


The three types of criss-cross heart: a simple rotational anomaly 





A ic. 11. Case 3. n 


(a) Injection into the left-sided anatomical right ventricle (VV) shows reflux into and therefore connection to the right atrium 
(RA). Dense filling of the pulmonary artery. Low position of the pulmonary valve indicating absent infundibulum as in an 
anatomical left ventricle. 
(n) Filling of right-sided anatomical left ventricle (AV) via ventricular septal defect. Pulmonary artery in posterior position as 
in transposition. VV — anatomical right ventricle. 


The malformation can be readily understood if 
one considers it as a rotational anomaly of the 
ventricles. If a heart with complete transposition is 
rotated in clockwise fashion (Fig. 135), the trabecu- 
lated right ventricle will occupy an abnormally high, 
left superior-anterior position; and the left ventricle 
will be located lower and medially. Thus, both 
ventricles have a similar orientation 
corrected transposition; and the septum may be 
seen end on, on AP views. Obviously the marked 
rotation of the heart involves also rotation of the AV 
and semilunar valves. Consequently, the right AV 
valve will be positioned high and to the left; and the 
left AV valve will occupy a more medial and lower 
position. The venous blood, therefore, will stream 
from right-to-left and the pulmonary venous blood 
stream from left to right. Venous inflows are 
"crossed", consistent with the original definition of 
"criss-cross" heart. With rotation of the ventricles 
there is also rotation of the great vessels. The aorta 
arising from the venous ventricle may be located to 
the left of the pulmonary artery, thus stimulating 


"corrected transposition" (Case 2). The 
"complete 


as seen in 


correct 


diagnosis in the Cases 1 and 2 was 
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transposition of the great vessels with ventricular 
rotation” or “criss-cross heart and complete trans- 
position". Case 1 was confirmed pathologically. By 
rotating the specimen in counter-clockwise fashion, 
the pathologist was converting the criss-cross heart 
into a regular D-transposition (Fig. 7). Case 3 can be 
readily understood if a heart with corrected trans- 
position is rotated in counter-clockwise fashion. 
Now the right AV value (bicuspid) will occupy a 
position more to the left. On the other hand, the left 
AV valve will assume a more medial position. The 
flow of blood through the AV valves is not altered by 
this rotation, but "crossing" of contrast medium is 
seen angiographically at AV valve level conforming 
with the definition of *'criss-cross heart” (Fig. 144, 
B). The right-to-left relationship of the great vessels 
is altered by this rotation and the classical position of 
the aorta is lost. The correct diagnosis can therefore 
be made by keeping this rotational anomaly in mind 
and disregarding the right-to-left relationship of the 
great vessels and ventricles. The third case, therefore, 
is an example of corrected transposition of the great 
vessels with counter-clockwise ventricular rotation or 
acriss-cross heart occurring in corrected transposition. 
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A Fic. 12. Case 3. B 


(A and B) AP and lateral views showing anatomical right ventricle (AV) which opacifies a transposed aorta, Transposed pul- 
tr | i i i 
monary artery (PA) opacified via ventricular septal defect, 
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Rotation 


A Fic, 


Recently Sato et al. (1978) described a criss-cross 
heart in a normal heart except for a small ventricular 
septal defect. Clockwise rotation placed the right 
ventricle along the left upper heart border, thus 
resulting in apparent crossing of blood at the atrial 
level. This case, therefore, represents a clockwise 
rotational anomaly in a normal heart. 

It is interesting to note that pathologists are less 
impressed with criss-cross hearts than angiogra- 
phers. If the heart is removed from the body it can be 
rotated, making the angiographic criss-cross feature 
disappear (Fig. 7). The pathologist may, therefore, 


overlook the diagnosis. 


SUMMARY AND CONCLUSION 

(1) In criss-cross hearts apparent crossing but not 
mixing of blood flow occurs at atrioventricular level. 
(2) Criss-cross hearts may be seen with complete 
transposition, corrected transposition, and normal 
hearts (the three criss-cross hearts). (3) The angio- 
graphic appearance of crossing is produced by 
rotation of the heart along the long axis of the ventri- 
cles. The rotation is clockwise (seen from below) in 
hearts with atrioventricular concordance and coun- 
ter-clockwise in hearts with atrioventricular dis- 
cordance. (4) In order to establish the correct 
diagnosis, angiograms should be analysed first 


Lund 








14. B 


according to the haemodynamic features since some 
of the anatomical characteristics may be lost or 
altered. (5) The clinical, haemodynamic, angio- 
graphic and pathological features of two criss-cross 
hearts occurring in complete transposition and one 
criss-cross heart associated with corrected transposi- 
tion are described. 
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ABSTRACT 
A comparative diagnostic study was carried out on 40 
patients with pathologically proven renal malignancies 
which were staged both by angiography and C'T. CT is more 
accurate than angiography for the detection of both peri- 
renal and pararenal extension of the primary tumour 
('T-staging), and angiography is only slightly superior to CT 
in the evaluation of intravascular extension of the malig- 
nancy. The diagnostic performance of CT is clearly superior 
to angiography in detecting malignant lymphatic spread 
(L-staging) and distant metastases (M-staging). C'T is, 
therefore, becoming the primary diagnostic approach for the 

staging of renal malignant tumours. 


Renal angiography is currently regarded as the final 
diagnostic step in the preoperative assessment of 
patients with a renal malignant mass lesion, because 
in most cases angiographic examination can define 
both the nature and extent of the lesion and also 
demonstrate the patency or obliteration of the renal 
vein. However, CT appears to offer a non-invasive 
method of obtaining similar or even better informa- 
tion. The present investigation compares the diag- 
nostic value of angiography and C'T in staging renal 
malignancies. 


MATERIAL AND METHODS 
Forty patients (19 males, 21 females), 12 to 78 
vears old with a mean age of 55.9 years, each under- 


went angiography and C'T within three days. In 
approximately one-third of the cases the CT was 
performed immediately after the angiography, which 
included a midstream aortogram, a selective renal 
study in the A-P and oblique views and an inferior 
vena cavogram. Renal phlebograms were performed 
if the condition of the renal vein remained in doubt. 

CT examination with a fan beam five-second 
scanner* included a native and contrast. (ioxithala- 


of the abdomen with a series of 8 mm sections of the 
renal region, and usually 16 mm sections of other 
parts of the abdomen. 

The radiological findings were compared with the 
surgical and pathological reports. In two patients 
with local inoperable tumours, and in one with 
multiple distant metastases, a positive cytology report 
after fine-needle biopsy was available; in one patient, 
who died before treatment, the autopsy results were 
available. The morphological features used to inter- 
pret the angiograms and CT examinations and stage 
the renal malignancies are listed in Table I. The 
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*Somatom (Siemens, Erlangen, Germany). 
Tl'elebrix 38 (Guerbet, Aulnay-sous-Bots, France). 


TABLE 1 
MORPHOLOGICAL CRITERIA FOR THE INTERPRETATION OF ANGIOGRAPHY AND C'T IN STAGING RENAL MALIGNANCIES 
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| 
| Angiography CT | 
pe TT MÀ 
| Perirenal infiltration | Capsular and/or retroperitoneal Obliteration of perirenal fat plane. | 
| hypertrophied collaterals Thickening of perirenal fascia | 
Pararenal infiltration Parietal and visceral hypertrophied Obliteration of contour and fat planes | 
collaterals towards adjacent organs or gut 
Direct invasion of organs and structures 
| Renal vein involvement | Striated vessel pattern Increase of venous diameter 
| | Lack of opacification plus retroperitoneal Abrupt change of venous calibre 
| collaterals 
Constant filling defects during 
phlebogram 
IVC involvement Striated vessel pattern 


Constant filling defects 
Collaterals 


Lymph node involvement 
and/or tumour blush 


—"——————— QT 
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Retroperitoneal collaterals 
Intraluminal areas of decreased density 
Extrarenal focal pathological vessel 


Lack of enhancement (pedal injection) 
Collaterals 


Enlarged nodular element 
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spread of the tumour into the subcapsular, perirenal 
and pararenal spaces was estimated. 


RESULTS 
Out of the 40 renal malignancies (Table II), 37 


were primary renal tumours, two were 


peritoneal sarcomas probably originating from the 


retro- 


renal capsule and in one case metastases from adeno- 
carcinoma of the lung were present. 


Tumour staging by angiography 
In 15 renal malignancies (renal cell carcinoma 


` 


TABLE Il 


SPECIFIC PATHOLOGY OF 40 MALIGNANT RENAL MASS LESIONS 


Pathology* | N —40 
Renal cell carcinoma 29 
‘Transitional cell carcinoma 6 
Nephroblastoma 2 
Sarcoma 2 
Metastasis l 











*The specimens were examined at the department of 


Pathology, University of Bern. 








eight, transitional cell carcinoma five, nephro- 
blastoma one, metastases one) there was no patho- 
logical evidence of perirenal tumour spread. The 
angiogram correctly diagnosed the tumour as intra- 
renal, that is, confined within the renal capsule, in 14 
cases (Table III). The smallest of these tumours, a 


renal cell carcinoma of 2.5 cm diameter, showed a 


TABLE III 


RESULTS OF TUMOUR STAGING BY ANGIOGRAPHY CORRECT 
DIAGNOSIS ARE IN BOLD TYPE WITH OVERSTAGED CASES TO THI 
RIGHT, UNDERSTAGED TO THE LEFT 





Angiographic staging 
Pathology | " 





! : 
| Intrarenal | Pertrenal | Pararenal 








Intrarenal 15 14 | 
Perirenal 20 N 11 | 
Pararenal 5 | 2 3 





\ Fic. l. C 


Intrarenal localization, (A) Angiography: small irregular medullary area of hvperopacification with pathological vessels. (B) 


CT: discrete hypodense area impinging on the renal sinus. (C) CT; hvpodense opacification of the lesion during enhancement. 
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A FIG, 


Perirenal tumour extension. (A) Angiography: 


the tumour ts partly nourished by a hypertrophied capsular artery 


H 


(n) CT 


thickening of renal fascia and obliteration of adjacent fat 


minimal area with pathological vessels and indistinct 
tumour blush (Fig. 1). The largest protruded 7 cm 
out of the renal surface with the capsule still intact. 
In one case perirenal invasion was suspected because 
of extra-renal blood supplv of the malignant mass 
lesion. 

Twenty patients (renal cell carcinoma 16, nephro- 
blastoma one, transitional cell carcinoma one, 
sarcoma two) showed pathological evidence of peri- 
renal extension beyond the renal capsule but were 
confined within the renal fascia (Fig. 2). In only 11 
cases was this shown by angiography; in eight cases 
the tumour was thought to be localized within the 
renal capsule and in one case with saprophytic 
arterial supply in the splenic hilum, pararenal spread 
the 
surgery. Of five proven pararenal tumour spreads 


was discussed but not confirmed at time of 
(all renal cell carcinomas) three were diagnosed 
correctly (Fig. 3). Angiography failed to discern 
invasion of the pancreas and mesocolon in one case 
and of the psoas muscle in another. Thus, tumour 
staging by angiography was correct in 28 of 40 cases, 


understaged in ten and overstaged in two (Table IHI). 


Tumour staging by CT 

Of the 15 malignancies confined within the renal 
capsule, two were wrongly thought to have spread 
into the perirenal, and one into the pararenal space 


TABLE I\ 


THE RESULTS OF TUMOUR STAGING BY CT. NUMBERS COR- 
RECTLY DIAGNOSED SHOWN IN BOLD TYPE, WITH OVERSTAGED 
CASES TO THE RIGHT, UNDERSTAGED TO THE LEFI 


CT staging 


Pararenal 


Pathology 
Perirenal 


Intrarenal | 
| 
| 
| 


| Intrarenal —15 12 2 | 
| Perirenal 20 19 | | 
3 5 


| Pararenal B5 | 





(Table IV) because CT could not separate the con- 
tours of the renal mass lesion from the surrounding 
tissue structures, In the latter case, the fat plane 
between the pancreatic body and a left-sided adeno- 
carcinoma (adult nephroblastoma) in a 31-year-old 
man could not be identified on neighbouring 
sections. 

Nineteen of 20 tumours with perirenal spread 
were diagnosed correctly (Fig. 2). In one case no fat 
plane was seen towards the colon and consequentl 
pararenal spread was postulated, but disproved by 
surgery. All five cases of pararenal spread were 
diagnosed correctly (two paravertebral muscle, one 
pancreas and transverse mesocolon, one liver, one 
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Pararenal tumour extension, (A) Angiography: the tumour replaces the whole kidney. Hy pertrophied capsular artery. (B) An- 
gography: parts of the tumour are nourished via the hypertrophied IMA. (c) CT: tumour extension towards the splenic flexure 
with obliteration of fat plane. 
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Fic. 4 


l'ransitional cell carcinoma. (A) Angiography : encasement of small pelvic arteries, minute pathologic vessels and filling defects 
of the pvelon. (B) CT: increased density and enlargement of the pvelon with parti id re plai ement of hilar fat 





F1G.5 


Renal vein involvement. (A) Angiography, high volume study (30cc) : opacification of retroperitoneal collaterals. (B) CT: increase 


of renal vein diameter plus retroperitoneal collaterals. Hypodense hepatic lesion (haemangioma). 
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Involvement of IVC. (4) Angiography: striated vessel pattern in the area of the renal pedicle and IVC. (B) Cavogram: constant 
filling defect broadlv based at the level of the renal vein orifice. (0) CT: broadening of the renal vein, outbulging of its contour, 
decreased density in the lumen of the cava. 
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descending colon) (Fig. 3). Thus, CT allowed cor- 
rect tumour staging in 36 cases out of 40; four 
lesions were overstaged (Table IV). 

The lesions of transitional cell carcinoma were 
demonstrated by both angiography (Fig. 44) and CT 
(Fig. 48) in all five cases. Due to the typical paucity 
of tumour vascularity they were, however, more 
readily identified by CT by the increase of density 
(25-35 HU) of the renal pelvis and replacement of 
hilar fat. 


Vascular involvement 

Surgical pathology showed the renal vein to be 
occluded by tumour invasion in seven cases; angio- 
graphy gave the correct diagnosis in seven/seven 
cases, CT in six/seven (Fig. 5). In the false negative 
case, the left renal vein was occluded only in the renal 
hilum, which was diagnosed by a phlebogram. There 
was one false positive case for both angiography and 
CT, in which the renal vein was merely functionally 
occluded by the pressure of an extra-vascular tumour 
mass. 

Of four cases of tumour extension into the inferior 
vena cava, all were diagnosed correctly by angio- 
graphy, only three by CT (Fig. 6). The false 
negative case was a right-sided malignancy with only 
a small caval tumour thrombus. A false positive 
diagnosis was made by CT because the tumour 
extended into the area of the vena cava, obliterating 
the vessel contour; angiography proved that the vein 
was compressed but not infiltrated. 


Lymph node staging 

Nodular soft tissue structures of more than 1.5 cm 
in diameter were depicted by CT within the region 
of the hilum, along the renal pedicle (Fig. 7) or near 
the inferior vena cava and/or abdominal aorta in 13 
patients (transitional cell carcinoma three, nephro- 
blastoma one, renal cell carcinoma nine). These were 
considered to be lymph node metastases. Angio- 
graphy demonstrated malignant lymphatic spread in 
only two cases, with extensive neoplastic involve- 
ment of hilar and retroperitoneal lymphodes (Fig. 8). 
Enlarged lymph nodes were described in the opera- 
tive reports in four cases, although in one of these 
histopathological examination of the resected node 
showed no evidence of tumour. 


Distant metastatic spread 

Distant metastases were found by CT in seven 
patients: bone three, liver three, lung one, viscera 
one. In only one case—with multiple peripancreatic 
and enteral metastases from a renal cell carcinoma 
(Fig. 9)—did angiography show the same as CT. 





Fic. 7 


Lymph node involvement. CT: enlargement of paracaval 
Ivy mph node. 


TABLE V 


ACCURACY OF ANGIOGRAPHY AND C'T IN STAGING ACCORDING 
TO ROBSON’S CLASSIFICATION (1969) 


wa 








ee 














Staging according to Robson N Angio C'I 
i 
r^ Lax d t 
| Intrarenal tumour 10 9/10 | 8/10 
II. Perirenal spread 12 9/12 11/12 
IIHI Vascular and/or lymph 8 6/8 7/8 
node involvement 
IV Pararenal spread and/or 10 3/10 8/10 
distant metastasis 
‘Total 40 27/40 34/40 








Both methods were proved wrong by surgery in 
case of hepatic haemangioma (Fig. 5). 

In one case a second transitional cell carcinoma 
was discovered within the contralateral kidney, 
which had not been found by angiography. 


DISCUSSION 

Accurate staging of renal malignant mass lesions is 
of great importance for both therapy planning and 
prognosis. In the staging system proposed by Robson 
et al. (1969), stage I tumours are confined within the 
renal capsule, whereas in stage II the malignancy is 
localized within the renal fascia of Gerota. Venous 
and/or lymphatic involvement is graded as stage III. 
Invasion of pararenal or intraperitoneal structures as 
well as distant metastases are grouped as stage IV. 
The extent of the tumour is important in planning 
surgery (Robson et al., 1969; Skinner et al., 1972) and 
may affect the decision to undertake transcatheter 
embolization, either preoperatively or palliatively 
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` FIG. 8. H 


Lymph node involvement. (A) Angiography: clusters of malignant vessels next to the deviated aorta. (B) CT ; extensive retro- 
peritoneal nodular densities with partial obliteration of vena cava and aorta. 


pr^. 
Qum ^ 





A Fic. 9. H 


Distant metastases. (A) Angiography: large peripancreatic metastases of right sided hypernephroma. (B) C'T: corresponding 
nodular densities in the splenic hilum and along splenic vessels. Note large perirenal collaterals due to occlusion of segmental 
renal vein, Main renal vein patent 


(Bücheler et al, 1976; Goldstein et al., 1976; Both angiography and CT can be difficult to 
Haertel and Kunz, 1975; Steckenmesser et al., 1976; interpret where the tumour has spread into the peri- 
Thelen et al., 1976). It also has prognostic value, for or pararenal space (Table V). It is known that retro- 
according to Robson et al. (1969), five-vear survival peritoneal or capsular collaterals may be demonstrated 
decreased from 66°, for stage I to 11", for stage IV. by angiography where the renal capsule is still intact 
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(Boijsen and Folin, 1961; Buist, 1974). Accordingly, 
saprophytic collateral supply from visceral arteries 
proves perirenal spread but does not necessarily 
indicate net tumour infiltration of visceral structures 
(Haertel and Kunz, 1975). Infiltration is, however, 
likely if the collaterals are obviously hypertrophied 
(Boysen and Folin, 1961). 

With CT, on the other hand, it is difficult to 
differentiate perirenal tissue reaction from small 
vascular structures or true infiltration (Baert et al., 
1979; Haertel and Kunz, 1975; Levine et al., 1979), 
but pararenal tumour spread into the paravertebral 
musculature may be easily detected by the change of 
density. CT can easily demonstrate cranial tumour 
extension via the prevertebral retrocrural space into 
the mediastinum (Callen et al., 1977). It is more 
dificult to differentiate spread towards or into a 
parenchymatous organ or gut, because the fat planes 
may be lacking. In our experience CT shows a higher 
diagnostic accuracy than angiography regarding peri- 
and pararenal tumour spread. 

Twenty to fifty per cent of malignant renal tumours 
invade the renal vein (Goncharenko et al., 1979; 
Robson et al., 1969) and in approximately 5°, of 
cases extend further into the inferior vena cava 
(Skinner et al., 1972). The renal vein and the IVC 
are more often involved on the right than on the left 
(Goncharenko et al., 1979; McCullough and Gittes, 
1974). Although the prognosis is worse with renal 
vein involvement (Robson et al., 1979; Thompson et 
al., 1975), nephrectomy may still be acceptable if the 
caval tumour is removed (McCullough and Gittes, 
1974; Skinner et al., 1972). It is therefore important 
to know whether there is venous tumour spread, and 
the limit of its cranial extension. Angiography 
identifies malignant intravascular extension with a 
high degree of accuracy; usually renal angiography 
demonstrates venous involvement by a striated 
vessel appearance of tumour extension in the area of 
the renal pedicle and/or the lack of venous opacifica- 
tion, together with the appearance of retroperitoneal 
collaterals (Ferris et al., 1968); but similar findings 
may be produced by the tumour merely compressing 
the vein (Boijsen and Folin, 1961). 

CT allows a positive diagnosis where the diameter 
of the vein and vena cava are grossly enlarged (Levine 
et al., 1979; Marks et al., 1978). An abrupt change of 
diameter through a sequence of sections, together 
with pronounced perirenal collaterals, suggests 
malignant involvement of the renal vein (Haertel 
et al., 1981). Tumour invasion of the right renal 
vein may be more difficult to discern because this 
vein is more oblique (Levine et al., 1979); but, in our 
experience, the resulting changes in shape and size of 
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the vein help to detect the tumour. In order to 
demonstrate the patency of the IVC, or the existence 
of intra-luminal filling defect, in doubtful cases we 
inject the contrast medium slowly and steadily into 
the vein, while taking a series of sections starting 
where the [VC enters the atrium. Filling defects must 
be evident in adjacent sections, particularlv at the 
level of the contralateral renal vein, in order to 
differentiate from an inflow phenomenon (Haertel 
et al., 1981). 

Since CT still appears to be less reliable than 
angiography in detecting venous tumour involve- 
ment an inferior cavogram must be carried out unless 
C'T has unambiguously demonstrated either patency 
or involvement of the IVC. 

With lymphatic involvement prognosis is poorer 
(Skinner et al., 1972; Thompson et al., 1975). Proven 
lymphatic involvement occurred in only 7.5%, of our 
cases, as opposed to 22.7%, of Robson's (1969). 
Malignant spread to the regional lymph nodes has 
not been systematically investigated surgically. The 
diagnostic accuracy of evaluation of malignant lymph 
node metastases could not, therefore, be assessed, 
and hence the numbers of the stage III cases in 
Table V must be regarded with caution. Enlarged 
lymph nodes were detected by CT in 30°, of our 
cases, indicating more frequent presence of malig- 
nant involvement. Enlargement of lymph nodes may, 
however, be caused by non-specific benign reactive 
changes, leading to a false positive CT diagnosis of 
malignant involvement. Angiography demonstrates 
lymph node metastases of hypervascularized malig- 
nant renal tumours only when they have grown to a 
large size. 

One of the major advantages of CT over any other 
renal diagnostic procedure is that it can demonstrate 
distant metastases and thus prove stage IV disease 
(Haertel et al., 1981; Kreel, 1978; Stewart et al., 
1978) (Table V). Although our study has under- 
estimated the sensitivity of angiography, particularly 
regarding liver metastases (for lack of routine coeliac 
investigation which Hellekant and Nyman (1979) 
found would show liver metastases in up to 17°, of 
patients with renal malignancies), CT still gives much 
more information, especially as the bones and the 
lung bases are routinely examined. If a localized less 
dense liver process is present, or if the lesion is partly 
calcified, a late C'T-scan of that region must be 
obtained after 10-15 minutes; if the lesion is further 
enhanced, haemangioma is more likely than a 
metastasis. 

The diagnostic accuracy of angiography and CT 
for renal mass lesions is about the same. Hvpo- 
vascular mass lesions consistently prove to be the 
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major diagnostic challenge in differentiating between 
necrotic malignancies and inflammatory pseudo- 
tumours. 

The greatest diagnostic problem in our experience 
is the CT evaluation of mass lesions with low attenua- 
tion values and insignificant enhancement, 7.e. 
differentiation of complicated cysts, abscesses and 
partially necrotic malignancies. Extensive peri- 
tumoral transudation, sometimes extending into the 
abdominal wall, atonic bowel loops and the absence 
of enlarged lymph nodes may suggest an inflam- 
matory lesion. In these ambiguous cases CT, or US 
guided aspiration for cytological diagnoses, must be 
performed (Stewart et a/., 1978; Triller, 1979; Vock, 
1979). 


CONCLUSION 

The data we have presented confirm the conclu- 
sion reached by other authors (Baert et al, 1979; 
Levine ef al., 1979; Love et al., 1979), that CT is 
more accurate than angiography in the evaluation of 
perirenal and pararenal extension of malignant renal 
neoplasm (T’-staging). CT is also better for detecting 
malignant lymphatic spread (N-staging) and distant 
metastases (M-staging). CT should be the preferred 
method for the investigation of patients with renal 
malignant mass lesions prior to treatment. It can be 
supplemented by angiography to aid in the evaluation 
of possible intravascular venous tumour invasion. 
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ABSTRACT 
Inversion of the left hemidiaphragm has been reported 
previously but inversion of the right hemidiaphragm has 


the 


ultrasound 


been thought not to occur. Seven cases of inversion ol 


right hemidiaphragm demonstrated routine 


and thi 


on 


là 
CI 


nical implications 


examination are reported, are 


dist ussed 


Inversion of the left hemidiaphragm is visible on the 
plain chest film, being outlined by the air above the 
hemidiaphragm, or, when the hemithorax is opaque, 
by inference from the position of the air-filled gastric 
fundus. ‘This subject has previously been discussed 
by Mulvey (1965) and Felson (1973); Swingle et al. 
(1969) recorded 11 cases occurring within one year. 
However, while depression of the right hemidia- 
phragm occurs, and, when the right hemithorax is 
opaque, can be inferred from descent of the right 
lobe of the liver on chest or abdominal X-ray, 
inversion, that is, reversal of the normal curvature of 
the hemidiaphragm, has been thought not to occur 
because of the splinting effect of the liver. 

We present seven cases where inversion of the 
nght hemidiaphragm was demonstrated on ultra- 


sound examination. 


PATIENTS AND METHODS 
‘The examinations were performed on a custom- 
built grey-scale machine which has previously been 


; Taylor and Hill, 


discussed (Hill and Carpenter, 1975 


1975; Tavlor et al., 1974). A 3 MHz transducer was 
used. One patient was also examined using an 
ENIISONIC 4500 real time machine. and one 


patient was examined using a Diasonograph 4102 
with grey-scale attachment. 

The patients were undergoing routine examina- 
tion of the liver, either before or during treatment of 
malignancy. All had large right pleural effusions. 


Case REPORTS 
f 


A 42-vear-old male des eloped pleural Metastases one veal 
itter a right orchidectomy for an intermediate teratoma. He 
then developed a right pleural effusion which was aspirated. 
Ultrasound examination following this was normal. The 
recurred and X ra 
hemithorax L'Itrasound examination then. showed ross 
downward displacement o1 | 


i 


effusion a chest ray showed an opaque 


a normal liver with complete 


on SW17 and Department of Nuclear Medicine, Royal 


in I). Pleural and 
deposit: were identified which had previously 


NM ri A further 


later following partial aspiration. of 


Version, o! t right | emidiaphragm (| iv 


mediastinal 


been demonstrated on chest I^ ultrasound 


examination two we eks 


the effusion showed the diaphragmatic inversion, though 


still present, to be less marked (Fig. 2). No hepatic meta- 
stases weri een at post mortem there was + | right 


pleural etfusion 





The diaphragm is depressed and inverted. Echogenic masses 
seen within the correlated with pleural 
metastases seen on chest X ray when the pleural effusion was 
smaller. D— Diaphragm, | ‘ffusion, L — Liver, P—Pleural 
metastases, (Uhe same notation ts used in all Figures.) 


eflusion could be 





Following aspiration, a scan in the same position as Fig. 


‘A ( ase 


fi 


shows the diaphragm less inverted. 
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, 


\ 65-year-old male main 
bronchus presented with dyspnoea, and was found clinically 


with carcinoma of the right 


and radiologically to have a massive right pleural etfusion. 
The liver was shown to be normal on ultrasound examina- 
tion but depressed by a large right pleural effusion (Fig. 3). 
\ mass noted within the chest on this examination was 
shown at post mortem one month later to bi 
infiltrated by tumour 


right lung 
NO metastases were seen in the liver. 


(‘ase 3 

\ 78-vear-old carcinoma of the breast 
diagnosed twelve years previously presented with dyspnoea 
and a large right pleural effusion. Physical examination 
demonstrated the lower border of the liver at the level of the 
umbilicus. Ultrasound showed a normal liver displaced 
a large pleural effusion (Fig. 4). The right 


female with 


downwards by 
} 


Ne midiaphragm was inverted and the upper border of the 





FIG 3. Casi 


The diaphragm is inverted. An echogenic mass seen within 
the effusion proved to be tumour infiltrating lung tissue 
at post mortem. Lu—Lung. 





Pic 4. Case 3. 


The diaphragm is depressed by a large pleural effusion. 
K— Kidney 


-] 


liver lay below the costal margin. A further examination 
after treatment showed the hemidiaphragm in its normal 
position, though the effusion was still present (Fig. 5). 


Casi / 

A 65-vear-old male pres nted with a right pleural effusion 
which vielded poorly differentiated 
which did not respond to treatment 


liver 


squamous cells and 
Ultrasound examina- 
displaced downward and 


The hemi- 


tion showed a normal 
medially by 


diaphragm was inverted 


a large pleural effusion, right 


Case 3 

A 3l-vear-old woman with well-ditferentiated mesotheli- 
oma had a recurrence of her right pleural effusion six vears 
after initial diagnosis and pleurectomy. Ultrasound examina- 
tion showed a normal liver displaced downwards to the level 
of the umbilicus bs 
right hemidiaphragm was inverted. Paradoxical movement 
of the right hemidiaphragm during quiet. breathing was 
observed using real time ultrasound. 


a massive right pleural effusion. ‘The 


C'ase 6 

A 65-vear-old female presented with a large right pleural 
effusion and over the next six months developed right hilar 
and right paratracheal masses. Histological examination 
could not suggest a primary site. Ultrasound examination 
showed a normal liver displaced downwards and to the left 
by a large right pleural effusion. ‘There was a soft tissue mass 
adjacent to the right hemidiaphragm which was inverted 
except where it was in contact with the mass (Fig. 6 and 7). 


Case 7 

A 74-vear-old male presented with recent dyspnoea and 
pain in the back and right chest. Chest X ray showed an 
opaque right hemithorax with some mediastinal shift to the 
left. Diagnostic pleural aspiration produced blood-stained 
fluid containing cells suggestive of malignancy. Ultrasound 
examination after aspiration of one litre of fluid showed 
gross downward displacement of the right hemidiaphragm 
and shift of the liver and major abdominal vessels to the left 





e » , 
Fic. 5. Case 2. 


Though the effusion is still present its volume is smaller, 

and the diaphragm ts shown in the normal position. ‘The 

position of the scan is equivalent to Fig. 4. Kk— Kidney, 
S—Skin. 
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Fic. 6. Case 6 
‘| he diaphragn IS H verted except whe re in contact with 
large mass. | ‘Tumour 





the upper abdomen. The right 


lobe of the liver is depressed below the plane of this sec tion. 


A \orta, F Left 


section 


| Transverse 


across 


K Kidnes lobe of liver, S opine 


o1 


normal 


a further litre fluid, the right 


j 
1 


ATA d 
f 


5). After aspiration of 
hemidiaphragm 
(Fig. 9) though the 


Examinations were 


( Fig 
tow 
X 


possible. 


moved more position 


che st ay was unchanged Further 


not 


[DISCUSSION 

Mulvey (1965) presented a number of cases where 
massive pleural effusions on the left had caused 
of the He 


paradoxical movement of the left hemidiaphragm as 


inversion hemidiaphragm. observed 
indicated by the position of the gastric air bubble, on 
screening during quiet respiration, and discussed the 
effect this 


Moreover, 


function. 


on respiratory 
the 


gained bv thoracocentesis might be small if this only 


mav have 


he suggested that clinical benefit 


rendered the inverted hemidiaphragm apparently 


paretic, and the patient’s condition might even be 


` 
section Z cm 


below xiphisternum. Note the dis- 
placement of the liver and majo: 


‘Transve rst 


vessels. The medial margin 


A—Aorta, K 


of the right hemidiaphragm is visualized 


tight Kidnev, Spini 





bic. 9. Ca 
l'ransverse section. The liver and major vessels are now Ti 
a more normal position, Compar th Fig. 8. A \orta 


worsened. Apparent paresis of the hemidiaphragm 
occurs when it is flattened such that contraction of 
its muscular part can cause no movement, He stated 
that had for 
inversion of the right hemidiaphragm (paradoxical 
o1 


effusion during quiet respiration). 


he not seen even indirect evidence 


excursion the upper level of a right pleural 

Felson (1973) described two infants with inversion 
of the right hemidiaphragm due to tension pneumo- 
thorax and to congenital emphysema. He speculated 
that the liver must ordi: arily prevent the inversion 
of the right hemidiaphragm due to pleural fluid or an 
intrathoracic mass. However, Kawata et al. (1977) 
suspected inversion of the right hemidiaphragm on 
liver scintigraphy in a woman with bilateral breast 
carcinomas. This was confirmed on chest X rav by 
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instilling water-soluble contrast medium into the 
pleural space after the removal of some fluid. 

Cunningham (1978), in a discussion of grey scale 
echography of the lung and pleural space, demon- 
strated, among other examples of pleural effusion, a 
scan of the chest of a woman with carcinoma of the 
breast in whom the hemidiaphragm was inverted in 
the presence of a massive right pleural effusion, and 
Katzen et al. (1978) illustrated in a case report the 
time consuming diagnostic problem that can be 
caused if this possibility is not appreciated. 

We present here a further seven cases of inversion 
of the right hemidiaphragm due mainly to the 
presence of massive pleural effusions, though in 
some patients a soft tissue mass also contributed. 
Inversion. of the right hemidiaphragm is thus 
possible, and may be quite common in the presence 
of a large effusion. It should certainly be considered 
in cases of large pleural effusion due to malignancy 
where clinical hepatomegaly suggests hepatic meta- 
stases, and also in those cases where clinical im- 
provement in dyspnoea fails to occur following 
aspiration of an effusion; and it can be detected 
simply and rapidly by routine ultrasound examina- 
tion. 


Book review 


Abdominal Ultrasound in the Cancer Patient. By D. J 
Brascho and T. H. Shawker, pp. xv-} 414, 1980 (John Wiley 
& Sons, Chichester/ New York), £21-00, 
ISBN 0471017426 

The authors feel that ultrasound is undervalued as an 
investigative technique for abdomino-pelvic disease in the 
diagnosis and management of tumours. Implicit in this 
assumption is the contention that other imaging methods 
have acquired an over-inflated value, abdominal CT scan- 
ning being the major competitor. To a large extent they have 
made their point, aided by able colleagues specialising in 
ultrasound in paediatrics (Drs. B. M, Potter and J. L. Frank) 
and in the digestive tract (Drs. E. I. Bluth and C. R. B. 
Merritt). The one exception seems to be the exaggerated 
claims for the usefulness of ultrasound in radiotherapy plan- 
ning where the difficulties of supplying all of the relevant 
information are underplayed; most radiotherapists are in no 
doubt that C'T is a more reliable technique here, albeit with 
some important exceptions. This section apart, the excellent 
text presents a balanced view of the applications of ultra- 
sound throughout the abdomen with useful clinical back- 
ground into which sonography is integrated. Sadly the 
images are substandard and, though well labelled and 
annotated, do not do justice to the text or the authors' 
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intention to "present a text that is clinically orientated but 
well illustrated". Sometimes the value of alternative imaging 
techniques, both traditional and new, has been underrated, 
an example being the surprising statement that lymphogra- 
phy is no longer usually required for the staging and manage- 
ment of testicular teratoma since it is "useful only in the 
presence of gross deposits in the lymph nodes". Not every- 
one would agree either with the contention that it is the 
degree of acoustic impedance mismatch that leads to 
specular reflections in an otherwise useful and apposite 
discussion of the relationship between the ultrasound image 
and the tissue structure that gives rise to it. (In fact specular 
echoes arise when the interface is smooth or flat over a 
distance of several wavelengths, as is correctly stated else- 
where in the same discussion.) 

'The section on paediatric applications must be singled out 
as outstanding in its clarity, comprehensiveness and clini- 
cally orientated evaluation of the relative uses of various 
imaging techniques in childhood tumours. 

Overall this is an excellent text, somewhat let down by its 
illustrations, that should be read and re-read by all those 
involved in imaging in oncology. It should also be available 
for reference by clinical oncologists. 

Davip O. COSGROVE. 
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ABSTRACT 
Y case of Down's syndrome who has survived dislocation 
of both the atlanto-occipital and atlanto-axial joints is 
described and reviewed together with 11 cases culled from 
the literature. 


Death can result from atlanto-axial dislocation, but 
many patients with this condition do survive and 
may be seen with reasonable frequency at any large 
teaching hospital. Disruption of the atlanto-occipital 
joint is very rarely seen, however, and few survivors 
of atlanto-occipital dislocation have been reported. 
In this report, we describe a girl who has survived 
dislocation of both the atlanto-occipital and atlanto- 
axial joints. She is of further interest because she 
represents the first case of atlanto-occipital sub- 
luxation associated with Down's syndrome, and is 
also a rare example of Down's syndrome with spinal 
cord compression. 


Case REPORT 

The patient is a 15-year-old girl with known Down's 
syndrome who had been the product of an uncomplicated 
pregnancy and normal vaginal delivery of a 33-vear-old 
mother. She presented at the age of 14 vears with a history of 
increasing difficulty in walking for four months, decreasing 
use of her left hand for three months, and right-sided 
headaches. Physical examination showed an alert, but 
mentally retarded, child with a quadriparesis in which the 
left side was worse than the right. She was still able to walk 
with a stifl-legged broad-based gait. ‘There were no sensors 
deficits. Deep tendon reflexes were increased bilaterally and 
the plantar reflexes were upgoing on both Plain 
radiographs of the cervical spine (Fig. 1) showed instability 
of the cranio-cervical region with subluxation and instability 
at both the atlanto-occipital and atlanto-axial levels. In 
mid-position the gap between the odontoid process and the 
anterior arch of the atlas was 11 mm, and there was a small 
bone fragment above the anterior arch of the atlas, probably 
representing an ossiculum terminale (Greenberg, 1968). 
Myelography was attempted with a lumbar injection of 
metrizamide (Fig. 2). This was only partially successful, as it 
was considered unsafe to extend the patient’s head far 
enough to pool the metrizamide in the craniocervical region. 
Nevertheless, it showed a partial block at the C1 level and 
marked narrowing of the subarachnoid space. Immediately 
tollowing the myelogram the patient was transferred to the 
computed tomography (CT) scanner where a series of axial 
cuts through the cranio-cervical region was obtained (Fig. 
3). ‘These clearly showed severe cord compression behind 


sides. 


~J 





tA 


the odontoid process (where the sagittal diameter of the cord 
was reduced to approximately 1.5 mm), and tissue filling the 
space between the odontoid process and the anterior arch of 
the atlas. Reformatting of this information in the sagittal and 
coronal planes demonstrated these findings from a different 
perspective, Approximately six months after the onset of her 
symptoms she underwent surgery with posterior fusion of 
the occiput to C1, C2, and C3 using iliac bone. In the initial 
post-operative period her neurological function deteriorated, 
but it subsequently returned to the pre-operative level. 

Six months after surgery, her neurological function had 
not significantly improved. A repeat CT metrizamide study 


Lateral view of the cervical spine in flexion. There is 
marked subluxation of the atlas on the axis, but the occiput 


and atlas are in a normal relationship. 
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showed essentially unchanged findings with severe com- 
pression of the L ervical cord behind the odontoid process. 
Although flexion and extension films revealed no instability 
of the atlanto-occipital and atlanto-axial joints, the space 
between the odontoid process and the posterior arc h of the 
reduced due to the fixed atlanto-axial 


dislocation. She has 


atlas w us greatly 
transoral 
improve- 


subsequentis undergone 


odontoidectomy, and is demonstrating clinical 


ment 


DISCUSSION 

Tishler and Martel (1965) first described atlanto- 
axial dislocation in a patient with Down's syndrome, 
and since then it has become clear that this associa- 
tion is common, occurring in 14 of 70 children in one 
1966). 
(1978) found abnormalities of the C1-C2 articulation 
in 18°, 
Twelve per cent had subluxation alone and 6", 


series (Martel and Tishler, Semine et al. 
of 85 children with Down's syndrome. 
had 
associated abnormalities of the odontoid process. 
The cause of the atlanto-axial subluxation in Down's 
syndrome is still debated. ‘Tishler and Martell (1965) 
first suggested that it was due to laxity of the trans- 
verse ligament, possibly as part of a generalized 


increase in ligamentous laxity which has been 


observed in Down's syndrome (Semine et al., 1978). 
Abnormal development of the odontoid process may 





ic. In. 


Lateral view of cervical spine in extension. The occiput has 
now slipped posteriorly in relation to the atlas. T'he atlanto- 
axial subluxation is less marked. 


also predispose to atlanto-axial subluxation and an 
increased incidence of such abnormalities has been 
noted in Down's syndrome (Semine et al., 1978) 
including odontoid dysplasia, hypoplastic odontoid, 
os odontoideum, ossiculum terminale, and a “third 
condyle” or manifestation of an occipital vertebra, 
Atlanto-occipital dislocation is rarely seen in 
living patients. Only nine cases due to trauma have 
been described (Powers et al., 1979), of whom six 
survived. Atlanto-occipital dislocation due to causes 
other than trauma appears to be extraordinarily rare 
and in a limited review of the literature we found 
two with 
(Martel, 1961; Bunton et al., 1978) and one caused 


cases associated rheumatoid arthritis 





Fic. 2. 


Metrizamide myelogram showing marked narrowing of the 
subarachnoid space behind the odontoid process. 
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by a pituitary adenoma which eroded the clivus 
(Laws and Ivins, 1979). The aetiology of the 
atlanto-occipital dislocation in our case is uncertain, 
but presumably the same mechanism was respon- 
sible for the dislocations of both the atlanto- 
occipital and atlanto-axial joints as there was no 
history of trauma or any other antecedent cause. 
Atlanto-occipital dislocation has not previously been 
described in Down's svndrome. 

Despite the increased frequency of cervical 
abnormalities, spinal cord compression and neuro- 
logical deficit have been described in only 11 
previous cases of Down's svndrome (Table I). In 
some of these the dislocation has been irreducible 
and at autopsy in one girl (Sherk and Nicholson, 
1969) the transverse ligament had slipped under an 
ossiculum terminale, suggesting that this mechanism 
operates to prevent reduction in some patients. The 
CT findings in our case, however, suggest that tissue 
deposition in the space between the atlas and 
odontoid also plavs a part in preventing reduction. 
The outcome, once neurological deficit has occurred, 
is variable (Table I) but decompression and fusion 
have been helpful in seven of the 12 patients. Giblin 
and Micheli (1979) reviewed the management of 
seven cases and recommended initial stabilization 
and posteriol fusion, possibly followed bv odon- 
toidectomy if necessary. They caution that posterior 
decompression alone, with excision of the posterior 
arch of Cl, may result in instability of the cranio- 
cervical region leading to further clinical deteriora- 
tion, 

Computed tomography, particularly when it ts 
combined with subarachnoid metrizamide, often 
allows us to see spinal cord displacements and 
abnormalities much more clearly than is possible 
with myelography or any other diagnostic modality. 
In the present case, it is remarkable that spinal cord 
function was preserved to a moderate degree when 
the sagittal diameter of the cord had been reduced to 
only 1.5 mm as shown by the CT metrizamide study. 
This, however, is not unique in our experience and 
we have seen several similar cases, some with only 
minimal neurological deficit. 


FIG. 3 


(A Axial € T metrizamide study showing SCVUTI compression 


of the spinal cord | irrows) behind the odontoid process 


(B) Axial CT metrizamide study at the level of the atlas 
showing tissue (arrows) filling the space between the anterior 
arch OÍ the tlas ind th subar ichnoid spuce 





(C) Sagittal reformatting of the axial CT cuts showing com- 


pression Ot the cord behind t! i odontoid Process 
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TABLE I 


etiani 


Author 


Quadriparesis 
Neurogenic bladder 


C1-C2 dislocation 


Dzenitis, 1966 


Curtis et al., 1969 C1-C2 dislocation 


| Martel et al., 1969 C1-C2 dislocation 


‘Third condyle” 
C1-C2 dislocation 


ossiculum terminale 


Sherk and Nicholson, 1968 


Aung, 1973 C1-C2 dislocation, cord 


and medulla compressed 


C1-C2 dislocation, 
hypoplastic odontoid, 
ossiculum terminale 


Finerman ef al., 1976 


€—P——— ——————P— OF 


Semine et al., 1978 C1-C2 dislocation 

| Giblin and Micheli, 1979 C1-C2 dislocation, 

| platybasia, cord 
compression 


Giblin and Micheli, 1979. C1-C2 dislocation 


Dawson and Smith, 1979 C1-C2 dislocation, severe 


cervical cord compression 


Dawson and Smith, 1979 C1-C2 dislocation 


Slight weakness R. foot 
Increased reflexes R. leg 


Progressive quadriparesis 
for two vears 


and pain for five months 





Result 


—— À—————————————————— E ad 


Almost com- 
plete recovery 


Reducation and 

posterior fusion 

Partial reduction Full recovery 
and posterior fusion 


Partial reduction Partial 
and posterior fusion recovery 


Quadriparesis for No specific Died 

three years therapy 

Quadriparesis LR Decompression No 

for two months with neck brace improvement 
L hemiparesis Decompression Complete 


and posterior fusion recovery 


Hvyperreflexia and clonus. ? ? 

Paraparesis for two years, Decompression, No 

sensory deficits posterior fusion improvement 
odontoidectomy 

Quadriparesis for 4 months Partial reduction Partial 

Sensory deficits and posterior fusion. recovery 

Paraesthesiae for 14 years Decompression Symptom 

L, hemiplegia and posterior fusion free 

Hyperreflexia and clonus Posterior fusion Improved 

Quadriparesis 4 months Posterior fusion, Improved 


| 
| 
| 
| 


Hungerford et al., 1981 Atlanto-occipital & C1-C2 
; dislocation, ossiculum 

| terminale, severe cord 

| compression 
H 
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ABSTRACT 

The unreliability of radiological examination in excluding 
or confirming a suspected scaphoid fracture after carpal 
trauma is a well-recognised diagnostic problem. This paper 
explores the role of isotope bone imaging (IBI) in the early 
identification of carpal bone injury. Abnormal generalized 
uptake of activity may be seen within the carpus, possibly as 
a consequence of diffuse soft tissue injury, particularly if 
imaging is performed within 48 hours of trauma. A focal 
area of increased uptake related to one carpal bone is 
suggestive of fracture though the part which ligamentous 
injury, localized periosteal reaction or incomplete cortical 
infarction may play in the production of such radionuclide 
appearances is uncertain. 

Ninety-nine patients with suspected recent scaphoid 
fracture but no demonstrable abnormality on radiological 
examination were subjected to IBI, using 555 MBq (15 mCi) 
of Tem methylene diphosphonate. Abnormal focal in- 
creased uptake (AFIU) was found in 47 patients, this being 
localized to the scaphoid bone in 26. Of these 47 cases, 19 
(4295) showed subsequent radiological evidence of facture. 

The results of IBI, in our experience, can only be reliably 
interpreted if imaging is performed at least 48 hours after 
injury, though in cases of fracture AFIU may persist for 
several years. Using this technique, the possibility of fracture 
ean be confidently excluded in that group of patients who 
show no AFIU. In selected cases of carpal trauma, IBI 
provides a satisfactory alternative means of identifying the 
presence and site of localized injury within the carpus and 
may be used to confidently exclude those patients with non- 
osscous symptomatology. 


The advent of short-lived bone-seeking radio 
pharmaceuticals, together with advances in instru- 
mentation in nuclear medicine, has significantly 
extended the general application of isotope bone 
imaging (IBI). IBI has been in the past principally 
applied to the detection of osseous metastases, and in 
this field has become well established (Sharma and 
Quinn, 1972; Pendergrass et al., 1973). The role of 
IBI in traumatic bone disease is, however, much less 
clearly defined. 

It is a recognized feature that in IBI bone-seeking 
radiopharmaceuticals will become selectively taken 
up and concentrated at sites of fracture, producing a 
characteristic “hot spot". This phenomenon arises 
from the avidity of such agents for areas of increased 
osteoblastic activity or hyperaemia and is observed in 
bone trauma of varying severity (James et al., 1976; 
Tothill and McCormick, 1975). AFIU, as well as 
occurring in fracture, is, however, shown within a 


*Present address: Department of Diagnostic Radiology, The 
Queen Elizabeth Hospital, Edgbaston, Birmingham. 


region of periosteal reaction secondary to a traumatic 
sub-periosteal haemorrhage (Rosenthall and Lisbona, 
1980), and also possibly within ligamentous injury. 
In the absence of confirmatory radiographic evidence 
of fracture, no reliable means of the zn vivo identi- 
fication of the exact cause of abnormal focal increased 
uptake (AFIU) exists. 

The present study has been undertaken to define 
the frequency and distribution of AFIU and there- 
fore possible fracture within the carpus, in a group of 
patients with a diagnosis of suspected scaphoid 
fracture and normal initial radiographic examination. 
All patients who were investigated were referred 
through the Accident and Emergency Department. 


PATIENTS AND METHODS 

Ninety-nine patients underwent IBI. The grounds 
for referral were: (1) Recent history of carpal trauma, 
(2) Clinical signs suggestive of a scaphoid fracture, 
(3) No identifiable fracture on initial radiographic 
examination. 

IBI of the carpus was performed two hours after 
the intravenous injection of 555 MBq (15 mCi) of 
99'l'e* methylene diphosphonate, using a Toshiba 
large field gamma camera. A total of 200 kilo 
counts was accumulated for each view, over a period 
of approximately 10 min, using a low-energy high- 


TABLE | 
DISTRIBUTION OF SITES OF AFIU IN PATIENTS SUSPECTED OF 
SCAPHOID FRACTURE 


| Frequency Percentage 
Bone involved | affected frequency 
Scaphoid | 26 52 
Triquetrum 4 8 | 
Distal radius | 9 18 
Capitate 2 4 | 
Trapezoid 5 10 | 
Hamate | 1 2 | 
Ist metacarpal 2 4 
| 2nd metacarpal 1 2 | 
1 Total 50 


‘Total number of patients 99. 

Total with evidence of AFIU-—47 (three patients had 
fractures at two sites). 

Number of patients having AFIU with subsequent radio- 
logical evidence of fracture— 19 (42°). 
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resolution parallel-hole collimator. The images were 
interpreted and correlated with the appropriate 


radiographs. AFII was taken to indicate localized 
trauma provided that degenerative disease, a poten- 
tial cause of a talse positive examination, was ex- 


cluded on radiographic examination. 


RESULTS 


‘These are presented in Table I. Of the 99 cases of 


suspected scaphoid trauma, 47 had AFIU. Three 
patients had AFIU at more than one site. Of the 47 
patients with AFIU, only 26 had 
scaphoid injury. Of the positive group, 19 (42°,,) had 
retrospective radiographic evidence of a fracture, or 
showed such changes at a later date. 

The time of imaging after trauma varied from two 
to 60 davs with a mean of ten days, apart from one 
case unsuccessfully imaged at 12 hours, The average 
age of the patients was 23 vears. 

Example 5 

Figure ] is the radiograph of a male (23 vears) 
obtained four days after trauma. No fracture is 
visible. The radioisotope image (Fig. 2) taken | day 
later shows evidence of AFIU affecting the scaphoid, 
The fracture of the proximal pole of the scaphoid has 
been clearly visible on further X-ray examination 
three months later (Fig. 3). 





Fic. |, 


any B 
O95 


evidence of 


Other patterns of AFII 
the 
capitate, 


, detected by IBI, involv- 
radial epiphysis, the radial stvloid and 
are given in Figs. 4-6. In Fig. 4, which 


ing 


x 
D 





Fic. 2. 





Fic. 3. 


(Fics. 1-3). Fracture of proximal pole of scaphoid initially 
visible only on bone isotope image. Fracture confirmed on 
further examination three months later. 
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Fic. 4. 
Trauma to unfused radial epiphysis, not detected radio- 
graphically. Note increased uptake in relation. to. the Fic. 6. 
epiphyses, possibly due to “sympathetic” increase in blood 4. À ; ! 
pip P Um l'rauma to capitate. Fracture located on X-ray with aid of 


bone image. 





Fic. 7. 





Fic. 5. 


Trauma to radial styloid, Fracture confirmed on further 
radiographic examination. 


reveals AFIU in relation to the unfused radial 
epiphysis of a 13-year-old boy, there is a significant 
increase in the degree of uptake by the epiphyses of 
the metacarpals and phalanges, possibly due to a 
"sympathetic" increase in blood flow. 
If imaging is performed within 48 hours of injury 
À ae i à; P ASI rE bic. 8. 
it may be difficult to identify an area of AFIU within CNN E S i oa zs 
= : z re ers : sp (Fics. 7-8) 'Triquetral fracture initially obscured by diffuse 
a generalized increase of isotope distribution within uptake within carpus, but clearly seen seven days later, 
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Fic. 9. 


the carpus secondary to soft tissue injury. This 
problem may be resolved by IBI seven days later 
(Figs. 7-8). 

Figure 9 shows the results of IBI on a 14-year-old 
boy with recent left carpal trauma. [BI shows obvious 
evidence of AFIU in the right scaphoid. On further 
questioning, the patient confirmed a history of right 
carpal trauma one year previously. A radiograph 
obtained at that time was interpreted as normal, but 
repeat X-ray examination at the time of the isotope 
bone scan confirmed an old scaphoid fracture (Fig. 
10). This case illustrates the frequently persistent 
positivity of IBI following trauma. 

All isotope images were stored on computer for 
quantitative analysis. In. AFIU the mean uptake 
ratio, compared with the corresponding uninjured 
side, was found to be 1.95 (SD 0.71). This shows an 
approximately two-fold increase in isotope uptake at 
the site of SBT. No clear correlation emerged be- 
tween the uptake ratio and the interval between 
trauma and IBI. 


DISCUSSION 

Initial radiographic examination of the carpus may 
fail to reveal definite evidence of fracture despite 
clinical suspicions of such an injury. In these cases, 
so that missed diagnoses and consequent avascular 
necrosis or pseudoarthrosis formation (Alho and 
Kankaanpaa, 1975) may be avoided, it is usual 
clinical policy to treat these patients as for fracture 








Fic. 10. 


(Fics. 9-10) Old fracture of the scaphoid still positive one 
year after trauma on bone isotope image. 


and repeat radiographic examination at a later date. 
The proportion of patients who will be shown to 
harbour a carpal fracture on subsequent radio- 
graphic study will depend on the judgement and 
circumspection of the referring doctor. Some cases 
will, however, have undergone what in retrospect 
was an unnecessarily long period of immobilization. 
This paper explores the part which IBI may play in 
predicting whether or not osseous injury exists, in 
order that early definitive diagnosis and treatment of 
carpal injuries may be instituted. 

The addition of IBI to conventional radiography 
has been shown to facilitate the identification of bone 
trauma (Fordham and Ramachandran, 1974; Marty 
et al., 1976; Rosenthall et al., 1976). ‘Traumatic as 
well as stress fractures have been demonstrated on 
IBI some weeks before the characteristic radio- 
graphic appearances are manifest (limori et al., 
1975; Prather et al., 1977; Wilcox et al., 1977). The 
role of IBI in the early identification of scaphoid 
fractures has been recently examined (Ganel ef al. 
1979; Jorgensen et al., 1979). 

In the series of 49 patients which Ganel ef al. 
studied, on initial radiographic examination |l 
showed a definite scaphoid fracture whilst in 31 
cases the appearances were described as doubtful. 
The remaining seven were considered to have 
normal radiographs. All of the group of 11 with 
initial positive radiographic findings of scaphoid 
fracture were also positive on IBI, while of the 31 
doubtful radiographic fractures, six had positive 
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bone scans and 25 were normal. Of the six positive 
IBI cases, five later showed radiographic evidence of 
scaphoid fracture. 

There are, however, several notable differences 
between the findings of these two groups of workers 
(Ganel et al., 1979; Jorgensen et al., 1979) and the 
results of this present investigation. Criteria. on 
which patients were selected for inclusion in the cur- 
rent trial differed in that a pre-requisite for entry 
was, in addition to clinical suspicion of a scaphoid 
fracture, normal initial radiographic examination. 
Only seven of Ganel’s cases fulfil this condition. Of 
these seven, two were positive on IBI for scaphoid 
trauma, one of which was positive on subsequent 
radiographic examination. 

In our study 47 patients had AFIU of whom 19 
(42?,) had subsequent radiological evidence of 
fracture. Of the 50 areas of AFIU that were shown in 
these 47 cases, only 5294 were related to the scaphoid, 
whilst 1894 occurred within the distal radius, 10°, in 
the trapezoid and 8°, within the triquetrum. Such 
distribution of AFIU was not encountered by Ganel 
et al., who describe only scaphoid fractures. Of the 
24 areas of AFIU demonstrated in bones other than 
the scaphoid, 10 (4195) showed subsequent radio- 
logical evidence of fracture. 

The exact aetiology of the AFIU occurring at 
these sites, as well as those shown in relation to the 
scaphoid, is uncertain in the absence of subsequent 
confirmatory radiological evidence of fracture. A 
localized soft tissue injury involving torn ligaments 
may be a possible explanation, perhaps in association 
with adjacent haematoma formation. Such a spec- 
ulation is, however, difficult to confirm or refute. 
Periosteal reaction is thought unlikely to account for 
such AFIU in the absence of any change demon- 
strated on subsequent radiographic examination. 
This same objection would also apply to cortical 
infarction as a cause for AFIU. When examining the 
radiograph, degenerative joint disease must be dili- 
gently sought, since this will result in focal increased 
uptake on IBI and hence false positive results. Since 
the average age of the 99 patients in our series was 23 
years, degenerative joint disease did not present a 
significant problem. 

In IBI, premature imaging before 48 hours must 
be avoided to exclude false-negative results. ‘This 
point is of special relevance in traumatic synovitis or 
hvperaemia which gives a generalized increase in 
isotope uptake, obscuring focal uptake at the site of 
bone injury (Rosenthall et al., 1976). 

The current study has revealed AFIU at sites 
other than the scaphoid in 48%, of all cases showing 
abnormal IBI, a finding which is comparable to the 


results of Jorgensen ef al., who described ten frac- 
tures of the wrist in the series of 50 patients which 
they reported. The distribution of such areas of 
AFIU seen in our study appears, however, to be 
wider. ‘This may reflect differences in the method of 
case selection between the present studv and those 
previously reported (Ganel et al., 1979; Jorgensen ef 
al., 1979). However, since in the current series, all 
patients were referred because of a clinical suspicion 
of scaphoid fracture, this finding of AFIU at sites 
other than the scaphoid is of some interest. As 
radiological evidence of fracture is clearlv seen in 
419, of these cases where no radiological signs of a 
suspected scaphoid fracture are seen, it is essential 
that a thorough appraisal of the entire carpus and 
adjacent bones be performed. Fractures were often 
more easily identified on X-ray examinations with 
the assistance of IBI. It is also pertinent to note that 
the conventional radiographic “‘scaphoid views" may 
not necessarily show the remainder of the carpus to 
best advantage. 

Although it would be erroneous to assume that a 
well-localized “hot spot" shown by IBI within the 
wrist of a patient who has a history of recent carpal 
trauma is invariably due to a complete fracture which 
has been overlooked or not demonstrated on radio- 
logical examination, IBI can be used confidently to 
predict the group within which fractures may exist. 
Those patients who show normal IBI may be spared 
not only further rigorous clinical and radiographic 
follow-up, but also unnecessarily protracted periods 
of immobilization. This could result in economic 
savings for the individual patient due to an earlier 
resumption of employment, and also for the hospital 
service in terms of fewer out-patient and radio- 
graphic appointments. Furthermore, the use of IBI 
confers greater accuracy upon the radiological 
examination by indicating the precise area of the 
carpus within which a fracture may possibly be 
found. In view of the potentially serious implications 
of overlooking such fracture (Bailey and Love, 1977) 
it is hoped that IBI may be usefully applied in the 
future management of such cases. 
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Book review 


Fundamental and Clinical Bone Physiology. Ed. by Marshall 
R. Urist, pp. xi--416, 1980 (Lippincott, Philadelphia/ 
London), £39-00. 

ISBN 0-397-50470-5 

Whilst trving to preserve a balance between the basic and 
the practical as in the title, the former is dominant in the 
twelve review articles presented in this collection of selected 
topics in skeletal physiology. Nevertheless, throughout the 
text much attention has been devoted to indicating the 
clinical bearing of advances in this field of biological science. 
Extending beyond the human species, these papers describe 
the growth of bone and bones, their structure, maintenance, 
damage and repair together with certain of the commoner 
bone disorders. This is essentially a book for the individual 
with a prime interest in the skeleton and offers a fertile 
medlev of biochemistry, morphology and behaviour of bone 
otherwise dispersed through the pages of rather diverse 
journals. Some repetition between papers is inevitable when 
attempting to reconcile molecular data with ultrastructure in 
one direction, or with clinical and radiological features in the 
other. 

In the study of normal and diseased bone several major 
difficulties arise, as may be exemplified briefly by bone 
growth. From the first minute speck of ossification in the 
embryo to its final maturation, bone growth is subject to 
multifactorial controls some genetic, some environmental. 
'To a large degree heritable factors are still obscure, although 
more clearly understood in connection with growth than in 
their relevance to bone disease. In investigating the environ- 
mental aspects of bone physiology it is usually necessary to 
move one step at a time, e.g. effects of Vitamin D on bone, 
although in vivo this is but one compound amongst many 
intimately concerned either simultaneously or sequentially 
with bone growth and metabolism. The results of over- 
simplified experiments may thus be misleading and provide 
concepts which flounder in a morass of controversy. Thus, 
for example, despite five decades since the classic work of 
Robison, the role of alkaline phosphatase in bone mineral- 
ization is still uncertain. 

With these caveats this book provides a wealth of up-to- 
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date information on skeletal tissues supplemented by 
chapters on fracture repair, bone grafting and heterotopic 
ossification of soft tissues. Particularly valuable are the 
papers by Triffitt on the organic matrix of bone, by Ogden 
on chondro-osseous growth and by Simmons on fracture 
repair. 

Naturally, one reflects on the value of this book to those 
engaged in radiology, radiotherapy and closely allied 
specialities. The declared coverage is for “students and new 
research workers" and "readers preparing for a career in 
either basic science or one of the applied clinical speciali- 
ties", It is not likely to appeal greatly to the great majority of 
the radiological heirarchy, whether diagnostic or therapeutic; 
but could well be of importance for the radiobiologist, for 
the oncologist occupied with chemotherapy and nuclear 
medicine. for the paediatric radiologist or anyone concerned 
with radiodiagnosis of fractures or metabolic and heritable 
bone disorders. For the radiotherapist it is disappointing that 
little is included about post radiation bone changes or the 
effects of primary or metastatic cancer upon bone. But many 
would read some part with profit, whilst to a few the whole 
would be rewarding and stimulating. 

The volume has a convenient format with a competent 
subject index. The present writer would strongly contest 
occasional bold statements in the text e.g. ““The osteoblast 
apparently is not capable of cell division" (p. 123)--when 
mitoses in such cells are not hard to find! There is a modest 
crop of printing errors with mistakes in the legends to several 
figures. Moreover, it is a pity that reproductions of photo- 
micrographs do not always state the stain and magnification. 
The photolithographic method of printing may sometimes 
blur the definition in electron micrographs and photo- 
micrographs, and give a monotonous tone to their image. In 
view of the rather prevalent abbreviations (some quite 
unfamiliar) a glossary of these and other less common terms 
would have been a useful adjunct. i 

Clearly, this book will be appreciated mainly by those 
preoccupied with the skeleton irrespective of their particular 


job. 
C. H. G. Price. 
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A study of the effect of sodium/meglumine ioxaglate 


(Hexabrix) on thyroid function 
By R. G. Grainger, M.D., F.R.C.P., F.R.C.R. 


Department of Radiodiagnosis, Royal Hallamshire Hospital, Sheffield, S10 2JF 


and G. W. Pennington, M.D., M.Sc., F.R.C.Path. 
Sheffield and Region Endocrine Investigation Centre, 
( Received March 1981) 


| | ABSTRACT 

The effect on thyroid function was investigated in 22 

patients undergoing arteriography with a new low osmolality 
contrast medium—sodium and meglumine ioxaglate (Hexa- 
brix). Plasma thyroxine (T4), thyroxine resin uptake (TRU) 
and free thyroxine index (F'TI) were measured before and at 
varying intervals up to 56 days after the arteriogram. Despite 
the large doses of Hexabrix used (up to 89.6 g of iodine), 
these tests of thyroid function did not reveal any significant 
change from pre-angiographic levels. It is concluded that 
Hexabrix as used for arteriography does not affect thyroid 
function. 
The present study was designed to investigate 
whether thyroid function is modified by massive 
doses of iodine, delivered directly into the circulation 
in the form of a new radiological contrast medium— 
sodium and meglumine ioxaglate (Hexabrix). 

The normal daily turnover of iodine within the 
body is about 70 pg. Patients undergoing radio- 
logical examination of the vascular tree are injected 
with very high doses of iodine, e.g., Patient No. 12 in 
this series received 89.6 g of elemental iodine in 
90 min, z.e. 1280000 times the normal 24-h body 
turnover. 

As the thyroid gland and its hormones contain 
almost all of the iodine in the body, it might be 
expected that this massive dose of iodine could alter 
thyroid function. 


THe Contrast MEDIUM 

Hexabrix, the contrast medium under investiga- 
tion, 18 a 59,494 w/v solution of a 2:1 mixture of the 
meglumine and sodium salts of a newly synthesized 
acid —1oxaglic acid (Fig. 1). This acid is a mono-acid 
dimer and consists of two benzene rings to each of 
which are attached three atoms of iodine. One 
molecule of the salt in solution dissociates into one 
cation (sodium or meglumine) and one anion (the 
ioxaglate radical containing six atoms of iodine). 

Hexabrix contains 320 mg iodine/ml. It has an 
osmolality of 580 mosmols/kg water, t.e. about 40°, 
that of conventional contrast media such as Conray 
280, despite the 1495, increase in iodine content of 
Hexabrix. Because of this reduced osmolality, 


P 
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Hexabrix has major clinical advantages over conven- 
tional contrast media (Grainger, 1979). 

Hexabrix is the registered name of Laboratoire 
Guerbet (Paris) who synthesised toxaglic acid. It will 
be marketed in the UK by May & Baker Ltd. 


THE PATIENTS 
Twenty patients (12 males, 8 females) age range: 
36-76 years (mean --S.D.-——58.65--11.41) had a 
single angiographic study (Table I). Two further 
male patients (34 and 71 years) underwent more than 
one arteriogram during the study period (Table Ia). 
These two patients are excluded from Table II. 


METHODOLOGY 

Twenty-two patients requiring arteriography were 
selected for the study. None of the patients had a 
previous history or current signs or symptoms of 
thyroid disease. No patient had a goitre. Samples of 
blood for the estimation of plasma thyroxine (T4), 
thyroxine resin uptake (TRU) and free thyroxine 
index (FTI) were taken immediately prior to 
arteriography. Further blood samples were taken 
between one and 56 days after the arteriogram, and 
similar estimations were carried out on these samples. 

The angiographic procedures undertaken and the 
volume of Hexabrix (sodium/meglumine ioxaglate) 
used for each of the 22 patients investigated are 
shown in Tables I and Ia. The time intervals be- 
tween the subsequent blood samples and the values 
of T4, TRU and FTI are also shown in Tables I, I4 
and ÍI. 

Thyroxine ((T4) was estimated by the method of 
Ratcliffe et al. (1974) with modifications as described 
by Pennington et al. (1981). 

Thyroxine resin uptake (TRU) was measured by 
the Radiochemical Centre Amersham Kit method as 
modified by Pennington ef al. (1981). 

The Free Thyroxine Index (FTI) was derived 
mathematically from the two previous estimations as 
described by Clark and Brown (1970). 
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in 12 patients, rose in seven and remained the same 
in one, 








Observations of the mean and standard deviation 
figures (Table II) demonstrates that in all instances 
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E Sz : | | the mean values following Hexabrix angiography fell 
Pee i | | within the 1SD range (69.04—106.96), indicating that 
£136 : E resti MS these values are not significantly different from the 
z E i | | | | | | pre-angiography range. 
zi | i | 'The coefficient of variation for the assay is of the 
= 7 TZ | + | | N ls | = order of 7%. Application of Student's ‘f’ test 
E es ! E | Lm demonstrated no significant difference between the 
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£ fee 3o IF jS 35$ € graphy T4 level (t value=1.192 with 23 degrees of 
mo MN _ MN = freedom). 
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s: Zeler] | || $ level of serum thyroid binding globulin. This may be 
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Zils | | EM = lower concentrations of T4 after the age of 65, while 
$ | UL Vado 25 3 | > le | ə |Z mean values in females tend to be about 5% higher 
É ud NN MM NE EX. E than in males. The two patients in T'able IA are not 
£ p | | | | | | f included in Table H. Their tests of thyroid function 
E | HETIES D | Ss |8 | ? show no disturbance even after more than one 
= us | | | | c% arteriogram. 
oo ee | ee ou ae | | 3 
$ BY E JE E JE] E Thyroid Resin Uptake (TRU) 
4 32 R | = 3 | = | | 3 Following administration of Hexabrix there was a 
E ME I : — g scatter of results. In eight patients there was a fall in 
^ E : TE | s E | = thyroid resin uptake, in eight a rise, while in four the 
DFEL | & 8 | Ñ E results were equivocal. Scrutiny of Table II indicates 
— le. [&.le E [os that the pre-angiography values. are all within the 
ee | KEE | -E "E | € | "a ag n t SD range of 93.3494 to 1 05.96% (99.65 +6.31). All 
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SEES JER (OSS (ak «288 g Application of Student's ‘t’ test demonstrated no 
Ed | 5 | e 8 significant difference between the pre-angiography 
22 2 | as | Rz 2 and the highest TRU post-angiography level (t value 
| d | 3 == 2.380 with 23 degrees of freedom). 
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TABLE H 
TIMING OF SAMPLES, RANGE AND MEAN OF VALUES OF T4, THYROID RESIN UPTAKE AND FREE THYROXINE INDEX 
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Range of values 
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Investigation No. of 

x - normal range ‘Time of test patients 
T: Pre-angiography 20 
60-170 nmol/L 0- 3 days 18 
4— 7 days 2 
8-14 days 7 
15-28 days 4 
29--56 days 9 

RR, PEENED EEO {emma EEA 
| Thyroid resin 
uptake Pre-angiography 20 
86-110 nmol/L 0- 3 days 18 
4— 7 days 3 
8-14 days 7 
15-28 days 4 
29-56 days 9 
Free thyroxine 

index Pre-angiography 20 
60-170 nmol/L 0- 3 days 18 
4— 7 days 2 
8-14 days 7 
15-28 days 3 
29-56 days 10 


n8 — 
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This test measures the unoccupied thyroid- 
hormone binding sites on thyroid binding globulin 
(TBG). Performed in vitro using T3 or T4 labelled 
with radio-iodine and ion-exchange resins, the pro- 
portion of radioactive hormone that is not tightly 
bonded to the serum protein is measured. The 
results are expressed as a percentage of the result 
obtained in a normal control serum run in the same 
assay as the test sample. The range of normal values 
is 86—1109;,. 


Free Thyroxine Index (FTT) 

Scrutiny of Table II indicates no significant 
differences before and after the administration of 
Hexabrix. 

Application of Student's ‘?? test demonstrated no 
significant difference between the pre-angiography 
and the highest FTI post-angiography level (f value 
—(0.997 with 23 degrees of freedom). 

The free thyroxine index is the most convenient 
method for the estimation of free thvroxine in serum. 
'The index is mathematically derived using data from 
the thyroxine (T4) level and the im vitro thyroid 
resin uptake test (TRU). As both these latter estima- 
tions are similar both before and after Hexabrix, 
differences in the free thyroxine index would not be 
expected. 


DISCUSSION 
'The administration of large doses of iodine causes 
very complex, seemingly contradictory and often 
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n.mol/] Mean -- SD of range 
60-121 mean-- 88 
52-108 mean-- 85.22 SD 16.28 
65— 94 means 79.5 SD-- 
62-111 mean-- 90.71 SD 4-18.50 
73-108 mean-- 87.5 SD -4-15.63 
S8-104 mean= 83.78 SD -13.57 
84-108 mean- 99.65 SD +- 
90-109 mean = 100.11 SD +- 
96-105 mean == 102 
92-105 means 98.85 SD 5.34 
1 02-1 05 mean = 1 03.5 SD mt 1 .29 
99-107 mean = 103.11 SD= 2.93 
48-121 means: 88.05 SD 419.20 
54—114 mean= 84.77 SD 16.54 
67— 89 means 78 SD-- 
65-1 20 mean == 91 86 SD ee 21 .58 
70-103 means: 77.33 SD — 
58- 97 means. 83 SD 13.1 
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variable effects on thyroid function. Acute but short- 
lived inhibition of thyroid hormone release has been 
well described in thyrotoxic patients. Braverman et 
al. (1969) have also documented a sustained inhibi- 
tion of thyroid hormone synthesis. On the other 
hand, Alexander et al. (1965) found an increased 
iodine uptake and relapse of thyrotoxicosis in some 
treated thyrotoxic patients. T'he general consensus of 
opinion indicates, however, that thyroid hormone 
secretion remains constant despite wide fluctuations 
in iodine supply (Vagenakis et al., 1973; Studer et al., 
1974). 

Following intravascular injection of radiological 
contrast media, Clark and Shipley (1957) and 
Grayson (1960) demonstrated a depression in 
thyroidal radio-iodine uptake. Davis (1966) found an 
elevation of plasma protein bound iodine after con- 
trast medium administration. 

Burgi et al. (1976) suggested that significant 
changes in circulating levels of thyroid hormones 
(decrease in T3 with parallel rise in reverse T3 and 
T4) were frequently found following the use of oral 
cholecystographic iodinated contrast media, Hanag- 
han et al. (1979) investigated 31 patients, all 
euthyroid (but 11 had a non-toxic goitre) after con- 
trast medium administration. They utilized two 
different types of contrast medium-—28 patients 
received an oral cholecvstographic agent, iopanoic 
acid (Telepaque), and only three patients received 
intravascular diatrizoate (Urografin). These two 
drugs have very different pharmacokinetics, e.g. 
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iopanoic acid has a much longer half-life and is more 
readily bound to protein than diatrizoate. Burgi et al. 
(1976) found considerable difference in thyroid 
function following urographic as compared with 
cholecystographic contrast media. Unfortunately, 
the results for these two different contrast media are 
not presented separately by Hanaghan et al. (1979) 
who found an early (three-day) rise in serum reverse 
tri-iodothyronine (RT3) with a parallel rise in serum 
thyroxine (T4) level. After three weeks, the serum 
tri-iodothyronine (T3) levels were significantly 
greater than base values. These results are in close 
agreement with those of Burgi et al. (1976) following 
oral cholecystographic contrast media. 

The effects of Hexabrix (the contrast medium 
utilized in the present study) on many parameters of 
thyroid function have also been studied by Jaffiol 
and Baldet (1980). They were able to demonstrate 2 
minimal decrease in plasma thyroxine level (T4) at 
48 hours when compared with pre-injection levels. 
All variations reported were minimal and did not 
exceed physiological values. TRU and FTI levels 
were not measured. Jafhol and Baldet (1980) con- 
cluded that their results do not differ from those of 
Burgi et al. (1976) who noted no variation in T4, T3 
and reverse T3 levels in subjects given an intra- 
venous urographic iodinated contrast medium (as 
compared with changes found following oral chol- 
cystographic agents). 

In the present study, 22 patients were investi- 
gated for thyroid function up to 56 days following 
Hexabrix arteriography. No consistent rise or fall in 
T4, TRU or FTI values were observed. There 
would appear to be no variation in the unoccupied 
thyroid-hormone binding sites on thyroid binding 
globulin. In view of our inability to demonstrate any 
influence on tests of thyroid function after very large 
doses of intra-arterial Hexabrix (up to 89.6 g iodine), 
it is concluded that this new intravascular radio- 
logical contrast medium does not affect thyroid 
function. The six atoms of iodine of each molecule of 
Hexabrix must be extremely firmly bonded to the 
two benzene rings. 
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ABSTRACT 

Heavy charged particles represent the ultimate that the 
physicist can. contribute to the development of radiation 
sources for therapy. 

Of the heavy charged particles, protons are the least 
expensive to accelerate and can be manipulated to give a 
sharplv defined high-dose volume with a rapid fall-off of 
dose outside the target area. The biological properties of 
protons do not differ significantly from X or y rays. 

Negative pi mesons require an elaborate accelerator for 
their production. Pions offer the possibility of concentrating 
energy, some of it densely ionizing with a reduced oxygen 
enhancement ratio and elevated biological effectiveness 
within the designated tumour volume, while minimizing the 
dose of sparsely ionizing radiation to the normal tissues 
traversed. 

High-energy heavy ions offer the greatest flexibility and 
allow localized dose distributions and also, with the higher Z 
particles, a substantial reduction of the oxygen enhancement 
ratio can be achieved. 

‘The ultimate choice of particle depends upon what turns 
out to be the most important factor in radiotherapy—an 
improved localization of dose or a reduction in the depend- 
ence of cell killing on the presence of molecular oxvgen. 


Charged particles represent the ultimate that the 
physicist can contribute to the improvement of dose 
distribution in radiation oncology. The results of 
therapy with photons have improved substantially in 
the past 30 years. Much of this advance is attributed 
to improvement of the physical dose distribution 
resulting from the development and introduction of 
megavoltage sources, principally 99Co teletherapy 
units and linear accelerators. It must be admitted 
that few, if any, controlled clinical trials have been 
performed to document this improvement, much 
less its cause, but it is a reasonable and widely held 
impression. The next logical step in this direction 
would be the introduction of accelerated heavy 
charged particles. The candidates at present include: 

1. Protons. 

2. Negative pi mesons (pions). 

3. High-energy heavy ions (carbon, neon and 
argon). 





* Based on a paper presented in a Symposium entitled "New 
Modalities in Cancer Treatment" at The British Institute of 
Radiology Annual Congress, April 17-18, 1980 at the Roval 
Free Hospital, London. 


t'This investigation was supported by Contract DE-ACO2- 
78EVO4733 from the Department of Energy and by Grant 
Nos. CA-12536 and CA-18506 to the Radiological Research 
Laboratory/ Department of Radiology, and by Grant No. 
CA-13696 to the Cancer Center/Institute of Cancer 
Research, awarded by the National Cancer Institute, DHHS. 


The relative masses of these particles compared 
with the electrons set in motion when X-ray photons 
are absorbed are illustrated in Fig. 1. Pions have a 
mass about 273 times that of an electron or about 
one-sixth that of a proton, while carbon, neon and 
argon have mass numbers of 12, 20, and 40 respec- 
tively. 

As major new modalities in experimental radio- 
therapy, heavy charged particles must compete 
directly with neutrons as well as with hypoxic-cell 
radiosensitizers. The extent to which this competi- 
tion is simple and direct, or complex and indirect, is 
illustrated in Fig. 2. The rationale for hypoxic cell 
sensitizers is based entirely on their ability to increase 
the radiosensitivity of hypoxic cells which otherwise 
may be intransigent to killing by X rays. The 
original rationale for neutrons was also based on the 
oxygen effect, inasmuch as the cell killing effect of 
neutrons is less dependent on the presence or 
absence of molecular oxygen than is the case for X 
rays (Fowler et al., 1963). However, neutrons differ 
from X rays in other ways too, including the amount 
of sublethal damage they produce; this may con- 
stitute an advantage or disadvantage for neutrons 
depending on whether normal or tumour cells are 





Fic. 1. 


Illustrating the relative masses of heavy charged particles 
compared with a secondary electron set in motion by the 
absorption of an X-ray photon. 
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The problems addressed by the various new modalities used 
or proposed for clinical radiotherapy. Electron affinic 
radiosensitizers are based on the need to reduce the oxygen 
effects; protons improve the dose distribution; the use of 
neutrons 1s based on a reduced oxygen effect, a reduction of 
sublethal damage repair and reduced age-response function: 
pions and heavy ions address all three problems. 


most efficient at repairing sublethal damage. What- 
ever the pros and cons of this argument, the degree 
of accumulation of sublethal damage is different for 
X rays and neutrons, and has been evoked as a 
rationale for neutron therapy, particularly by the 
group in the Netherlands (Broerse and Barendsen, 
1973). In addition, the age-response function, ie., 
the variation of cellular radiosensitivity for various 
phases of the cell cycle, is less for neutrons than for 
X rays, but there is no general agreement as to 
whether or not this constitutes a significant advant- 
age (Sinclair, 1968; Hall, 1969; Withers et al., 1974). 
The various heavy charged particles address 
different problems too. Protons offer the possibility 
of a greatly improved dose distribution, while ex- 
hibiting biological properties that are indistinguish- 
able from conventional X rays (helium ions are 
essentially similar to protons— their biological pro- 
perties may be slightly different, but the difference is 
of little importance). By contrast, both pions and 
heavy ions result in changed radiobiological proper- 
ties as well as allowing an improved dose distribution. 
They result in a reduced oxygen effect, reduced 
sublethal damage and age-response function as well 
as the possibility of improved localization of dose. 
All of the high-energy heavy charged particles 
share the property of improved dose localization 
because of the way in which they are absorbed. 
Charged particles stop after penetrating tissue to a 
depth that depends on their initial energy, delivering 
a dose that increases with depth very slowly at first 
while the particles are relativistic, but rising to a 
sharply defined Bragg peak near the end of their 
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Depth-dose distribution for the 160 MeV proton beam 

generated at the Harvard cyclotron. Curve B shows the 

sharply defined unmodulated Bragg peak; Curve A shows 

the distribution used for broad beam radiotherapy with the 

Bragg peak spread out over 10 cm by the use of a rotating 
ridge filter of varving thickness. 


range. By modulating the energy of a particle beam, 
or interposing a moving ridge filter of variable thick- 
ness, this Bragg peak can be spread out or scanned to 
cover precisely a tumour of a particular size situated 
at any depth. This ideal can be achieved to varying 
degrees with the various types of heavy charged 
particles. 


PROTONS 

Protons are by far the least expensive of the heavy 
charged particles. Their biological properties are 
indistinguishable from photons (their RBE is about 
equal to that of 250 kV X rays and perhaps 15°, 
higher than ®°Co y rays). Their attraction is the 
possibility of a more localized dose distribution, 
with the expectation of less morbidity for a given 
dose, or a higher dose for the same morbidity. There 
is also the possibility of avoiding critical structures in 
special situations in a way that would never be 
possible with X rays, because of the sharply defined 
range of protons. Figure 3 shows the sharp Bragg 
peak characteristic of the proton beam at the Harvard 
cyclotron, and the way in which it can be spread out 
to cover a volume uniformly by the use of a moving 
filter of variable thickness. Helium ions are essenti- 
ally similar—they are used extensively at Berkeley 
because of the availability of a suitable accelerator — 
but their properties are so similar to protons that it 
would make little sense to build an accelerator de 
novo for helium ions rather than protons because of 
the substantially higher cost. Table I lists the 
principal facilities in the world where protons and 
helium ions are available. Both protons and helium 
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TABLE I 
PROTON AND HELIUM ION FACILITIES FOR CLINICAL USE 





Energy to be 


Maximum machine 


Type of energy used clinically 
Location machine (MeV) (MeV) 

| Protons 

| Harvard, Mass. (USA) Cyclotron 160 160 

| Uppsala, Sweden Svnchrocyclotron 187 187 
Dubna, USSR Synchrocyclotron 680 90-200 
Moscow, USSR Synchrotron 7200 70-200 
Gatchina, near Leningrad, USSR Synchrocyclotron 1000 ~ 

Helium ions 

Berkeley, Cal. (USA) Synchrocyclotron 910 
SREL, Newport News, Virginia (USA) Synchrocyclotron 710 
Saclay, France synchrocyclotron 645 
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‘Typical dose distribution used for the treatment of choroidal 

melanoma by the proton beam generated at the Harvard 

cyclotron. Note the tightly localized high-dose region and 

rapid fall-off of dose (Courtesy of Dr. Herman Suit, 

Massachusetts General Hospital and The Harvard Cyclo- 
tron). 


ions appear to show some selective advantage in 
certain tumour sites where improved dose localiza- 
tion is critical. Choroidal melanoma is the most 
obvious example, but there are other selected sites in 
the head and neck region, particularly about the base 
of the skull and cervical spine, as well as other 
anatomical sites of tumours such as soft tissue 
sarcomata, where improved dose localization would 
appear to offer a clinical advantage. It is unfortunate 
that the small number and diversity of the patients 
treated make it difficult to translate a clinical impres- 
sion into a statistically valid conclusion. 

At the Harvard cyclotron, choroidal melanoma has 
been treated entirely by proton beam techniques. 
The results are judged at present to be so striking 
that it does not appear that controlled clinical trials 
are needed at this time (Gragoudas et al., 1978; Suit 








et al., 1977, 1980), Figure 4 shows a typical dose 
distribution employed for this specialized application 
which could clearly not be equalled by conventional 
modalities. 'T'his is a special situation where the tight 
dose distribution and sharp cut-off can be fully 
exploited. Apart from this site, few patients have 
been treated with protons alone, the more general 
use being as a boost for photon therapy of head and 
neck tumours. Many other sites are barred because 
of range limitations. The energy of the Harvard 
cyclotron is 160 MeV, which results in a maximum 
range of 15.9 cm; it is estimated that an energy of 
240 MeV would be needed in a proton accelerator 
purpose-built for radiotherapy, in order to be able to 
reach the most deep-seated tumours. In practice, 
skin reactions are a problem with protons, but this is 
overcome by combining protons with X rays. 
Corrections for tissue heterogeneity are much more 
critical than for X rays and demand a substantial 
technical effort including the routine use of CT 
scanning in treatment planning. Using protons, vital 
structures can be avoided and more localized high- 
dose areas can be achieved. In the experience at 
Harvard, marginal misses have not been a problem, 
even though tighter dose distributions have been 
employed. The experience with helium ions at 
Berkeley has been essentially similar. In this case, 
there is no range limitation because of the high 
energy of the machine, and one of the sites treated 
frequently with some success has been carcinoma of 
the pancreas. 


PIONS 
The possibility of using pions for radiotherapy has 
excited basic scientists and clinicians alike ever since 
their use was first suggested by Fowler and Perkins 
(1961). Their basic properties would appear ideal for 
radiotherapeutic applications. High-energy pions 
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behave like overweight electrons while relativistic 
and exhibit biological properties differing little from 
X or y rays. As they slow down near the end of their 
range, however, pions may be captured by atoms of 
the absorbing tissue, cascade down the electron 
energy levels and cause the nucleus to explode into 
short-range, densely-ionizing fragments which in- 
clude neutrons and alpha particles; this 1s the so- 
called “star production". The narrow Bragg peak of 
the Los Alamos pion beam is shown in Fig. 5. Not 
only is the dose high in this peak region, which can 
be located at any desired depth by choosing particles 
of the appropriate energy, but the radiation in the 
peak region has a high LET component and is 
characterized by an elevated RBE which further in- 
creases the ratio of effective dose in the Bragg peak 
relative to the plateau, and a lowered OER. In 
practice the Bragg peak must be spread out to cover 
a tumour of realistic dimensions, and consequently 
the high LET radiation of the peak is greatly diluted 
by low LET radiation of the plateau. Figure 5 also 
illustrates the 10 cm spread-out Bragg peak used for 
radiotherapy at Los Alamos; of the fragments pro- 
duced in the "stars", neutrons have a much longer 
range than the heavier charged particles, and con- 
sequently about 10°, of the dose in the spread-out 
Bragg peak is due to neutrons. The biological pro- 
perties of the spread-out Bragg peak are diluted in 
proportion to the dilution of the high LET radiation. 
For example, the OER has been measured to be 2 to 
2.2, compared with about 3 for X rays and 1.6 for 
neutrons (Hall and Astor, 1979; Raju et al., 1979). 
The RBE of the spread-out peak is in the region of 
1.5 to 2 (Yuhas et al., 1979; Raju et al., 1979). 
Pions offer the twin advantages of an improved 
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Fic. 5. 
Depth-dose curves for negative pi mesons generated at the 
Los Alamos Scientific Laboratory. Curve A is for a nearly 
monoenergetic pion beam and has a sharp Bragg peak at a 
depth of 18 cm, curve B shows the depth-dose distribution 


when the peak is spread out to cover 10 cm using a dynamic 
range shifter. (Redrawn from: Raju et al., 1979.) 
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dose distribution compared with X rays and the 
biological properties of a mixture of high and low 
LET radiations. The edges of the beam and the end 
of the range are not as sharp or as clearly defined for 
pions as for protons, while the OER is not as low as 
for neutrons, but both advantages are combined in a 
single beam. The drawback is that large and expen- 
sive accelerators are required to produce pions for 
radiotherapy. Even then the dose-rates may be low 
and in many cases a limiting factor. This is true at 
SIN and at Vancouver where radiotherapy with the 
pion beam is impractical without a sophisticated 
cryogenic focusing device to collect pions from a 
large solid angle (known as a piotron). Only at Los 
Alamos is the dose-rate adequate without such a 
device. The maximum dose-rate available at present 
is about 15 cGy (rad)/min to a treatment volume of 
one litre, which corresponds to a beam current of 
600 uA in the accelerator. The Los Alamos accelera- 
tor is half a mile in length and accelerates protons to 
800 MeV, which are then used to generate pions. 
'The first cancer patient was treated with pions in 
October 1974 (Kligerman et al., 1977). Since then 
more than 175 patients have been treated up to 
November 1980 using the most elegant and sophisti- 
cated treatment-planning techniques available. A 
spectrum of tumour types has been treated including 
head and neck tumours, gliomas and carcinomas of 
the prostate, pancreas, rectum and bladder. No 
definitive results are available from controlled 
clinical trials, but for some particular cases clinical 
impressions are very favourable, although it is not 
clear whether it is the improved dose localization or 
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Isodose distribution obtained with parallel opposed beams 
of pions for the treatment of advanced carcinoma of the 
cervix (courtesy of Dr. Steven Bush). 
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the biological properties of the pions that is respon- 
sible (Kligerman et al., 1974a, b). Figure 6 shows a 
typical treatment plan using pions to illustrate the 
superior dose localization that is possible with these 
heavy charged particles. 

Los Alamos is the only pion facility at which a 
sizeable number of patients have been treated and at 
which controlled clinical trials have started, but 
TRIUMF (Tri-University Meson Facility) in Van- 
couver, Canada, and the PIOTRON in Zurich have 
been used to treat a few patients, and at the present 
time are a focus for research in the physics and 
radiobiology of negative pi mesons (Baarli et al., 
1976; Skarsgard et al., 1977). 


HicGH-ENERGY Heavy Ions 

An accelerator capable of generating a range of 
different high-energy heavy ions suitable for treating 
deep-seated human tumours is so complex, and its 
cost so high, that only one such machine is at present 
available in the world and this is located in Berkeley, 
California. However, in principle, if laboratory and 
clinical research leads to the choice of a single ion or 
a few ions as most suitable for radiotherapy, then a 
much simpler machine that would be adequate as a 
hospital-based dedicated source of heavy ions for 
medical use could be built at a fraction of the cost. 

The unique facility presently available at the 
Lawrence Berkeley Laboratory is known as the 
BEVALAC, formed in 1974 by connecting the 
BEVATRON with the HILAC by means of a pipe 
500 ft long, running down the hillside between the 
two machines. The HILAC had been used for many 
years to produce low-energy heavy ions with suf- 
ficient range to irradiate only monolay ers of cells in 
culture. With the joining of the two machines, ions 
accelerated in the upgraded super HILAC pass down 
the connecting pipe and are accelerated further in the 
BEVATRON. In principle, the BEVALAC can 
accelerate ions of any Z, but to date efforts have 
focused on beams of nitrogen, oxygen, carbon, neon 
and argon, in sufficient intensities for radiobiological 
experiments. 

A vast body of experimental data has been ac- 
cumulated at the BEVALAC, comprising physical 
measurement of dose distributions and determina- 
tion of radiobiological parameters using a variety of 
biological systems (Curtis et al., 1978; 1979; Raju et 
al., 1978; Blakely et al., 1979). In addition, a limited 
number of cancer patients have been treated on an 
experimental basis. There are several beam con- 
figurations presently available at the BEVALAC, 
including high and low energy carbon and neon, plùs 

a "low" energy argon beam. A higher energy argon 


beam is not considered to be useful because of the 
greater probability of the ions breaking up into 
smaller fragments as they pass through larger depths 
of absorbing material. Depth dose patterns for five of 
the available beam configurations are illustrated in 
Fig. 7. The depths at which the peaks occur are a 
function of the atomic number and energy of the 
particle concerned. The peak to plateau dose ratio is 
frequently in excess of five in unmodified Bragg 
peaks, but the Bragg peak is much too narrow to be 
utilized in the context of practical radiotherapy and 
it is necessary to spread out the Bragg peak to cover a 
tumour of realistic dimensions. This is accom- 
plished by the use of a ridge filter, an absorber of 
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Fic. 7. 
Depth-dose curves for the five beams available at the 
BEVALAC. In each case the full line shows the pattern of 
the physical dose with a ridge filter designed to spread the 
Bragg peak. The chain-line shows the distribution of the 
biologically effective dose—the product of dose and relative 
biological effectiveness (RBE). These lines must be regarded 
as illustrative only since RBE varies both with dose and 
tissue or cell tvpe; the RBE values used to produce this 


. igure were taken from the data for Chinese hamster cells by 


Blakely et al. (1979) corresponding to an X-day dose of 
about 2 Gy. (Redrawn from Blakely et al., 1980.) 
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variable thickness that moves rapidly at right angles 
to the direction of the beam and causes the Bragg 
pe ak to 


spread-out 


“scan a chosen range o1 depths. The 


Bragg peaks resulting from two such 
ridge filters, one + cm wide and one 10 cm wide, are 


Fig. The ridge filters are designed 


shown in 
deliberately to produce a gradient of physical dose in 
the spread-out Bragg peak region, to allow for the 
fact that the biological effectiveness of the radiation 
varies through this region. The distal region of the 
spread-out peak contains a greater proportion of 
dose from Bragg-peak radiation compared to the 
proximal peak and therefore has a higher LET and 
greater biological effectiveness. 

Radiobiological experiments ha € been pel formed 


— 


with each of the five beams shown in Fig. 7 to 


determine the relative biological effectiveness (RBE) 
ratio (OER) of the 


radiation in various regions of the spread-out Bragg 


and the oxvgen enhancement 
peaks. Ihe results of the extensive investigations of 
Blakely et al. (1979) are summarized in Table II. 
The 
“biologically effective” dose, defined to be the pro- 
duct of absorbed dose and RBE 


dotted curve for each beam in Fig. 7. ‘These curves 


dose pattern ultimately of interest is the 


This is shown as a 


illustrate that ridge filters can be designed to produce 
a relatively uniform biological effect over any region 
specified. These curves are no more than illustrative 
since RBE depends on the cell or tissue used for its 
determination and also on the dose level; the actual 
hgures here refer to a particular cell line in culture 
and to a dose level of about 200 cGv(rad) of X ravs 
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TABLE II 
OXYGEN GAIN FACTORS (OERx/OERH) 










14 cm range 
10 em i tidge filter 


24 cm range 
10 cm ridge filter 


Neon 
Argon 






Carbon | 
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It is evident from these data that a single beam of 
heavy ions results in a dose distribution vastly 
superior to that characteristic of a single beam of X 
rays in terms of uniformity and localization of the 
dose in the target volume relative to transit normal 
tissue. Of course, the use of two or three converging 
fields, with the spread-out Bragg peak regions co- 
inciding, would further improve the localization of 
dose in the tumour volume. This is illustrated in 
Fig. 5 which shows an actual treatment plan used on 
the BEVALAC in which a pancreatic tumour was 
treated with two beams of carbon ions. 

In terms of the biological properties of the radia- 
tion in the spread-out Bragg peak, it can be seen from 
Table II that either carbon or neon results in only a 
modest reduction in the dependence on oxygen. This 
is expressed in terms of an Oxygen Gain Factor, the 
ratio of the oxygen enhancement ratio for X rays 
divided by that for the high LET radiation. As a 
reference point, it is worth noting that this quantity 
is about 1.7 to 1.9 for neutrons; for carbon the com- 
parable figure is 1.1 to 1.3 and for neon 1.2 to 1.3. 
Only in the case of argon is the Oxygen Gain Factor 
superior to that of neutrons. However, the range of 
the argon particles is limited because of fragmenta- 
tion processes. In addition, the extra dose localiza- 
tion resulting from the elevated RBE in the spread- 
out peak region 1s less marked for argon because the 
LET in the Bragg peak is so high that RBE is 
actually falling due to the phenomenon of overkill. 
Filter design is clearly not optimized for the argon 
beam illustrated in Fig. 7. 


COMPARING THE PARTICLES 

Protons offer the unique opportunity to test the 
hypothesis that a further improvement in dose 
localization may lead to a concomitant improvement 
in the results of radiotherapy, without the added 
complication of any changes in biological properties. 
Protons do not differ significantly from X or y rays 
in biological properties, they are relatively 
expensive compared with other heavy bar 
particles, and there is no dose-rate problem involved. 
Their role in the treatment of specialized tumours 


N- 
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such as choroidal melanoma is already established; 
what remains to be tested is their wider role in broad 
beam radiotherapy. 

Pions offer the dual advantages of an improve- 
ment in dose distribution as well as a modest contri- 
bution from the properties of high LET radiation. 
The sharpness of the dose distributions obtainable 
does not rival those of protons, largely because a 
substantial contribution to the dose comes from 
neutrons produced in the "stars". Because the Bragg 
peak has to be spread out over a distance required to 
encompass a tumour of realistic dimensions, the high 
LET component in the beam is diluted, and con- 
sequently the biological properties are intermediate 
between those of high and low LET radiation. Large 
and expensive accelerators are required to produce 
pions suitable for radiotherapy and even then the 
dose-rate that can be obtained is a limiting factor. 

In principle, high-energy heavy ions offer the 
most flexible approach to combining the advantages 
of dose localization and the modification of biological 
properties. They all offer a sharp cut-off to the beam 
and a good increase in dose in the tumour volume 
compared with transit normal tissues. In order to 
produce a substantial modification of biological pro- 
perties, including a reduction of the oxygen en- 
hancement ratio that is comparable to neutrons, it is 
necessary to go to particles as heavy as argon. At the 
same time, this imposes a limit on the range of the 
particles that can be used because break-up and 
straggling occur for higher Z particles. It is fair to 
say that high-energy heavy ions are still very much in 
the experimental stage, and it has not yet been 
determined with any certainty what the optimal 
particles might be for radiotherapy. It seems quite 
clear at the present time that carbon ions, and pos- 
sibly neon too, are of too low a Z inasmuch as while 
they offer obvious advantages of dose localization, 
their biological properties do not rival those of 
neutrons as far as the characteristics of high LET are 
concerned. Argon ions produce an oxygen gain 
factor superior to those of neutrons, but there are 
reasons to suppose that argon may be too heavy an 
ion, partly because of the break-up and straggling 
observed and partly because of the high entrance 
RBE and the fact that the LET of radiation in the 
pristine Bragg peak is so high that RBE begins to fall 
due to the over-kill effect. There are a number of 
possible contenders for a particle between neon and 
argon and a logical first choice for investigation 
would be silicon ions, Beams of this ion have been 
obtained at the BEVALAC, but to date no radio- 
biological data are available. A final judgment on the 
place and role of heavy ions, and their application to 
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radiotherapy, should await a more complete set of 
data for particles of Z intermediate between neon 
and argon. 

An attempt to compare the properties of the 
various ions, based on an idea by Raju, is presented 
in Fig. 9. On one axis is plotted the advantage of dose 
distribution and on the other the advantage of high 
LET. The evolution of conventional photon beams, 
from 250 kV X rays to ®°Co teletherapy units to 
megavoltage linear accelerators, has involved pro- 
gressive improvements in the dose distribution with 
a negligible change in the LET of the beam. The 
trial of protons involves a further natural extension 
of this development inasmuch as the dose distribu- 
tion advantage is further improved without any 
marked change in the LET of the radiation and 
without any of the advantages or disadvantages asso- 
ciated with high LET radiation. By contrast, the 
introduction of neutrons involves a substantial high 
LET advantage while the dose distributions that can 
be obtained are at best equal to those of 99Co tele- 
therapy units, and in many cases are intermediate 
between 89Co and 250 kV X rays. Pions and high- 
energy heavy ions offer some advantage due to dose 
distribution as well as some advantage due to the 
high LET component of radiation in the beam. With 
a 10 cm spread-out Bragg peak, carbon and neon to 
different degrees are inferior to neutrons as far as 
high LET advantage is concerned, and it is necessary 
to go to argon or perhaps silicon before the heavy 
ions show any superiority over neutrons in the high 
LET advantage. In going to heavier and heavier ions 
the dose distribution advantage is gradually lost 
compared with protons. 
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The particles compared. On one axis is plotted the advantage 
of dose distribution and on the other the benefits of high 
LET. Protons provide the best dose distributions available 
and high-energy argon ions the lowest oxygen effect in a 
practical situation. The other particles combine both 
advantages to various degrees. (Based on an idea by Dr. M. 
Raju.) 





CONCLUSION 

Heavy charged particles offer the possibility of 
impressive improvements in dose distribution and 
dose localization. Protons already have an established 
place for certain specialized applications. It remains 
to be demonstrated whether a wider application in 
radiation oncology, designed to exploit the dose 
distribution advantage, is worth the cost. It is also 
not clear whether a dose distribution advantage alone 
should be sought (protons) or whether the additional 
cost of adding the biological properties characteristic 
of high LET (pions, heavy ions) could be justified. 
This is an area of intense research activity and wide 
interest, but the answers to these questions are un- 
likely to emerge for several more vears. 
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Book review 


Radiotherapy Treatment. Planning. (Medical Physics Hand- 
books 7.) By R. F. Mould, pp. xii--- 204, 1981 (Adam Hilger 
Ltd., Bristol in collaboration with the Hospital Physicists' 
Association, London), £12.95. 

ISBN 0-85274-504—4 

The clarity of the layout of this handbook and of its more 
than 140 diagrams creates the immediate impression of a 
carefully prepared work. After an introduction and two 
short chapters on external beam therapy machines and 
radiation units (cgs and SI) the author deals at length with the 
single isodose curve. The various terms such as percentage 
depth dose, build up and back scatter factor are clearly de- 
fined and explained together with the factors upon which 
they depend. Wedge filters, tissue compensators and pro- 
blems of beam obliquity and tissue inhomogeneity are also 
well illustrated and explained. 

“The multiple field isodose curve pattern" is the heading 
for what is by far the longest section of the handbook where 
the emphasis is placed on the isodose patterns produced by 
differing arrangements of fields. Although I cannot easily 
accept the claim on the dust cover that this is a new approach 
it is certainly a helpful one. This section digresses from its 
main subject at different places to deal with patients’ outlines 
and localization. of the target volume, beam direction, 
immobilization of the patient and treatment simulators. 

A chapter on electron beam therapy which deals very 
clearly with the differences between electron beams and 
photon beams for treatment of patients is followed by a 
chapter on the manual addition of isodose curves. Here the 
author quite rightly emphasizes that in spite of the wide- 
spread availability of computer planning systems the ability 
to do the job manually is still a prerequisite for certain 
examinations and that therefore the techniques involved 
need to be understood and mastered. 

The final chapter on dose calculation methods deals with 
the determination of field doses and times and includes the 
use of TARs for fixed SAD and moving-field treatments. 

There are many obvious and understandable problems in 
trying to deal adequately with this subject in a volume of 
limited size, and comments about the amount of detail given 
in the various sections will depend to some extent on the 
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emphases and practices adopted in the experience of the 
individual critic, but I could not escape from a feeling of 
disappointment with this handbook. There really is an 
imbalance between theory and practice, the past and the 
present. 

Simulators are highly expensive pieces of equipment 
which are considered by an increasing number of radio- 
therapists to be an indispensable aid to treatment planning 
yet they only merit a dozen lines of text. 

The treatment plane in which a multiple-field isodose 
distribution is calculated is often not perpendicular to the 
top of the treatment couch. There are exact relationships 
between the angle of this plane to the horizontal, the planned 
beam angle and the angles of the gantry, couch and dia- 
phragms which are set on an isocentrically mounted unit. An 
appreciation. of these angular relationships is of more 
practical importance than the pin and arc which is no longer 
used in many centres where isocentric megavoltage machines 
are installed, 

Although mantle treatments are mentioned there is no 
indication of the particular problem they introduce, that of 
determining the percentage depth dose and output for an 
irregular field. 

The parameter most commonly used on a modern 
accelerator is not treatment time but “set dose" on an 
integrating dosemeter which can only indicate correctly for 
one chosen combination of field size and SSD. 

In my experience these and similar problems encountered 
in the daily routine of a modern treatment department are 
the things which trouble registrars and radiographers and 
there is still a need for them to be discussed in a concise text 
for this group of people. Therefore, whilst I am pleased to 
recommend this handbook to any graduate entering the field 
of medical physics on the assumption that he can and should 
proceed to the reading of original papers on further points 
of detail, I feel that it will be of less value to registrars and 
radiographers. However, in spite of these deficiencies it 
should certainly be added to any comprehensive depart- 
mental library. 

A. L. BRADSHAW. 
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ABSTRACT 

Patients with recurrent brain tumours vears after initial 
radiation therapy pose a difficult management decision. 
Should retreatment be performed with irradiation, which 
carries a risk of necrosis, or should retreatment be with less 
effective agents but without unnecessary risks? 

We present the results of retreatment of 32 patients at the 
Mayo Clinic and the Joint Center for Radiation Therapy. 
Clinical improvement was seen in all retreated patients. Fhe 
median survival was 36 months after completion of the 
second course of irradiation, Eight patients (2595) were alive, 
free of disease, from 22 to 315 months after retreatment. 
Of the 11 patients alive at the time of analysis, eight were 
experiencing productive lives and three were suffering from 
severe neurological damage. Evidence of brain necrosis was 
observed in two patients (655); however, only 10/21 patients 
underwent autopsv examinations. Reirradiation of patients 
with late recurrences of brain tumours may offer neuro- 
logical improvement and prolonged survival without ex- 
cessive risk of necrosis. 


The role of radiation therapy in the retreatment of 
brain tumours ts not well established. Factors such 
as the previous radiation dose, its fractionation, 
the overall time in which the dose was given, and the 
treated volume, are known to be important in the 
radiation tolerance of normal brain. In addition, the 
disease-free interval and possible recovery of radi- 
ation tolerance between courses of treatment may 
be considered in determining the potential ratio of 
risk to benefit in retreatment. 

For the clinician contemplating reirradiation of a 
patient with recurrent brain tumour, few data are 
available on which to base a decision. One frequently 
relies on anecdotal personal experiences or the ex- 
periences of colleagues, and confidence in the final 
decision varies. Yet there are case reports in the 
literature of successful reirradiation; the patients had 
prolonged disease-free intervals with no apparent 
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radiation-related complications (Kramer, 1969). In 
selected cases, retreatment with radiation provided 
effective palliation of symptoms and the risk of radi- 
ation injury was acceptable (Bouchard, 1958; 
Sheline, 1975). 

For recurrent pituitary tumours, Sheline et al. 
(1964) compared the risks of radiation injury with 
the risks of tumour regrowth and found that re- 
treatment risks were acceptable when their criteria 
for doses and disease-free intervals were met. In 
eight patients given second courses of radiation 
therapy, no evidence of brain damage developed for 
follow-up periods of three to 12 years (Sheline, 
1971). 

Recurrent brain tumours of other histological 
tvpes have also been successfully retreated without 
overt necrosis. Bray et al. (1958) reported on re- 
treatment of recurrent brainstem tumours in 12 
children; improvement was observed in seven 
patients. Horns and Webber (1967) reported on a 
second treatment for recurrent symptoms in 12 
patients with glioma; six had significant palliation 
lasting from eight to 29 months. In addition, there 
are several reports of retreatment with radiation 
and prolonged disease-free survival in patients with 
recurrent medulloblastoma (Penfield and Feindel, 
1947; Paterson and Farr, 1953; Tice, 1962; Bloom 
etal., 1969; Smith et al., 1973; Harisiadis and Chang, 
1977). 

Current therapeutic interest in recurrent brain 
tumours is primarily concerned with chemothera- 
peutic regimens (Wilson, 1975; Duffner et al., 1979). 
This attention is justifiable because of the poor over- 
all prognosis for patients with recurrence. However, 
we believe that a subgroup of patients exists that may 
benefit from retreatment, since they do relatively 
well after reirradiation. In addition, the inclusion of 
such patients may bias results of uncontrolled trials. 
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There are no comprehensive reviews in the literature 
of the results achieved by reirradiation of patients 
with recurrent brain tumours. 

We have reviewed the records of patients under- 
going multiple courses of radiation therapy for brain 
tumours at the Mayo Clinic and at the Joint Center 
for Radiation Therapy. Our goal was to summarize 
the clinical experience in order to provide a basis for 
making decisions about reirradiation for this group of 
patients. There was a bias in the patient population, 
since most patients had recurrences after prolonged 
intervals. However, these patients are the ones who 
pose the most difficult management decisions and 
who are seen often enough to warrant a detailed 
review. 


MATERIALS AND METHODS 

The medical records of all patients undergoing 
two or more distinct courses of radiation therapy for 
brain tumours at the Mayo Clinic or at the Joint 
Center for Radiation Therapy were reviewed. The 
inclusive dates of the study were from 1950 to 1978 
at the Mayo Clinic and from 1968 to 1978 at the 
Joint Center for Radiation Therapy. The clinical 
material reviewed consisted of patients treated for 
primary intracranial tumours with curative intent. 
Patients treated for brain metastasis due to primary 
tumours elsewhere were excluded. 

The radiation therapy doses were estimated by re- 
view of the dosimetry data in the patients' records. 
These were frequently reported as mid-line doses. 
Doses for patients with pituitary tumours and 
gliomas treated at the Joint Center for Radiation 
Therapy were reported as minimum tumour doses, 
with a maximum dose not exceeding 15% of the 
minimum dose. In patients treated with 250 kV 
equipment, reported doses were corrected for the 
increased relative biological effectiveness to provide 
comparability with megavoltage-treated patients. 
Adequate follow-up data were available for all but 
one patient. Ten of 21 patients who died underwent 
autopsy. We accepted as evidence of necrosis either 
findings at autopsy in regions outside the tumour or, 
in patients who did not undergo autopsy, clinical 
evidence of neurological deficits not attributable to 
progressive tumours. 


RESULTS 
The series was composed of 32 patients, 21 from 
the Mayo Clinic and 11 from the Joint Center for 
Radiation Therapy. There were 18 males and 14 
females, and 16 patients were 15 years old or 
younger. The radiation therapy details for each 
course of treatment are summarized in Table [. 


Patients were subdivided by histological types of 
tumours. Biopsy was not done in two patients; 
therapy was begun on the basis of clinical and radio- 
graphic findings. 

Initial treatment of patients with medulloblastoma 
generally involved craniospinal irradiation. Sub- 
sequent courses excluded the spine. Patients with 
other histological types of tumours were treated with 
whole-brain (astrocytoma or glioma, grades ITI and 
IV) or subtotal brain irradiation. The records were 
generally accurate for purposes of determining 
regions of overlap of treatment fields. Estimations of 
volume of brain in the overlap regions, however, 
were not amenable to detailed analysis. 

Twenty-one patients (64°) have died; ten under- 
went autopsy, and in one case the finding was com- 
patible with necrosis. When first seen, one patient 
(No. 32) had leukoencephalopathy and negative re- 
sults of brain scan and echography. He was classified 
as having had necrosis. This patient had also under- 
gone chemotherapy with BCNU and vincristine for 
the eight months before death. 

The median survival time for the entire group of 
patients was 36 months after completion of the 
second course of radiation therapy. Eight patients 
(2595) were alive without evidence of disease from 
22 to 315 months after therapy. Three patients (994) 
were alive with disease at 34, 105, and 219 months. 
The functional status of all patients was generally im- 
proved after irradiation; however, systematic grading 
was not possible retrospectively. In the 11 patients 
still living, neurological functional states were as- 
sessed (Table II). Three patients (Nos. 13, 14 and 
28) appeared to be severely neurologically damaged. 
The others were experiencing productive lives. 


DISCUSSION 

There is a subgroup of patients with brain 
tumours who have late recurrences after initial 
management with radiation therapy. These patients 
present a therapeutic dilemma: which should be 
done-—retreatment with irradiation, which has a 
risk of necrosis, or management without unneces- 
sary risks, which is potentially less effective (Duffner 
et al., 1979). 

We addressed this issue by reviewing the records 
of patients given multiple courses of radiation 
therapy at the Mayo Clinic and the Joint Center for 
Radiation Therapy. Our observation was that these 
patients can be successfully treated with radiation 
therapy. They had good palliation, and in some 
cases long-term control of disease was achieved. 
Twenty-four percent survived more than five years 
after reirradiation. The risk of radiation necrosis was 
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TABLE H 
NEUROLOGICAL AND FUNCTIONAL STATUS OF SURVIVING PATIENTS 





Age (years) | Interval (months) 


| Patient 


47 315 


m ee Hem n enean e anea 


Neurological status 
Blind since surgery 

Mild retardation 

Left-sided paresis. Ambulatory. 
Mass on CT scan (stable since 1977) 
Retarded. Mass on CT scan (stable 


Blind since diagnosis. Mild ataxia 


Retarded. Left hemiparesis. Petit 


Visual field defect and decreased 


Heater RRA a eet e AN ANAL RASTA et NN A mannaaa ena SRL na ALIAS PLLA BNA Nbr 


Functional status 


Lives with family. Full-time job 
Lives with family. Special School 
Lives at home. Part-time work. 
Became Eagle Scout 

Lives in nursing home 


Lives with family. Full-time job 
Lives with family, Part-time work 
Lives with family. Attends school 
Lives with family. Attends school 
Lives in home for retarded 


No treatment-related impairment 


Lives with family. Full-time job 


i 
14 23 105 
| since 1976) 
| 16 37 143 
17 29 135 Retarded 
| 18 7 22 Intact 
21 12 90 Vision impaired 
| 28 30 300 
mal seizures 
|| 30 78 34 
acuity. Mass on CT scan 
31 | 46 83 Intact 
| | 





increased; however, for most patients, the risks of 
tumour recurrence far outweighed this complication. 
In this series, only two patients had necrosis. 
Although late necrosis (years later) is still a risk for 
reirradiated patients, this is outweighed by the 
benefits of long-term tumour control. 

Our current policy is to retreat selected patients 
with radiation therapy. Patients who have recurrence 
more than three years after the initial treatment are 
considered to havesurvived long enough to allow radi- 
ation tolerance to recover and to permit retreatment 
to essentially a full dose, 4000 to 5000 cGy (rad) 
(Dritschilo et al., unpublished data). Treatment is 
instituted only if the patient has symptoms. The 
previous radiation therapy plans are reviewed and 
care 1s taken to avoid transit volumes in the new 
radiation beams. ‘Treatment planning is important to 
minimize the volume of reirradiated brain. 

With this approach, patients with slowly growing 
recurrent brain tumours may survive for a long time 
with neurological improvement without the risks of 
relatively ineffective chemotherapeutic agents. The 
risk of necrosis, although clearly there, is generally 
a late risk and is far outweighed by the risks of re- 
current tumour. 
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ABSTRACT 

Tolerance of mature human brain to photon irradiation is 
described. Isoeffect curves have been derived for tolerance 
of large and small volumes of brain, by examination of doses 
determined empirically and in clinical use. These have been 
compared with isoeffect curves of thoracic myelitis, optic 
nerve and chiasm damage, and brain necrosis. The results 
show that the best-fitting Ellis-tvpe equations, when five 
fractions per week are used, have low exponents for overall 
treatment time and high exponents for the number of in- 
crements (N), and are similar to published data on rat 
myelitis. Of the equations used to test the relationship be- 
tween total dose and number of increments, the power curve 
was the best fit. Mean values of exponents for N derived for 
brain and spinal cord tolerance were 0.4 or more. ‘These 
were similar to values obtained for optic nerve and chiasm 
damage, though the data are more limited for this compli- 
cation. Brain necrosis is observed at slightly higher doses 
probably because of a difference in the end-point observed 
rather than because of any fundamental difference in tissue 
response. Evidence is presented to suggest that some re- 
population may occur in widely spaced schedules. The use 
of the Ellis equation derived from connective-tissue data 
is inappropriate for central nervous system tissue, and its use 
may lead to a substantial risk of overdosage. A plea is made 
for adequate documentation of treatment details when 
human data are reported. The importance of dose per frac- 
tion is emphasized. 


The relationship between total dose, number of 
fractions and overall treatment time for radiation 
damage to the mature human central nervous system 
has not been adequately established. A time-dose 
isoeffect curve of Strandqvist type for brain-stem 
with a slope of 0.22 was used by Boden (1950), and 
a slope of 0.26 was derived by Lindgren (1958) for 
brain. For spinal cord a value similar to Boden's was 
proposed by Pallis et al. (1961) and 0.28 was sug- 
gested by Maier ef al. (1969). These values were 
supported by Vaeth (1965), Jellinger and Sturm 
(1971), and Palmer (1972). However, to include ap- 
parent inconsistencies it has been necessary either 
to lower Boden's suggested dose levels or postulate 
tissue idiosyncrasies. 

Overall treatment time is important in time-dose 
fractionation formulae for tissues having consider- 
able capacity for rapid repair of sublethal injury or 
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repopulation during a course of radiotherapy. This 
is reflected in the Ellis (1969) equation for connec- 
tive tissue in which the exponent for overall treat- 
ment time (7) is 0.11. Such a relationship does not 
necessarily apply to tissues with limited capacity for 
repopulation or a different capacity for repair. Neg- 
ligible exponents for 7 have been shown for rat 
spinal cord, and these were maintained for intervals 
up to eight weeks between schedules (van der Kogel 
et al., 1976; van der Kogel, 1977b). 

Much of the uncertainty regarding isoeffect curves 
for human brain has resulted from studying time- 
dose relationships, rather than total dose versus 
number of fractions (N). 

In this paper, the tolerance of mature human 
brain to photon irradiation is examined by deriving 
isoeffect curves for fractionated regimes in common 
use, and comparing these with the effects of exces- 
sive dose resulting in brain necrosis, thoracic myel- 
itis, and optic nerve and chiasm damage. 

When adequate data are available for treatment 
regimes using five fractions per week, the exponents 
for N and T' were found to be similar to those de- 
scribed by van der Kogel et al. (1976) for rat myel- 
itis. When total dose versus number of fractions was 
examined, the exponent of N for brain and spinal 
cord was 0.4 or more. 

Consequently, the biological effect is more depen- 
dent on dose per fraction in the regions of the central 
nervous system examined than it is in normal con- 
nective tissue. The importance of dose per fraction is 
stressed. 


MATERIAL AND METHODS 

Isoeffect curves and formulae have been developed 
from empirically determined doses in clinical use for 
large and small volumes of brain. The data used have 
been derived from many centres and cover a spec- 
trum of treatment regimes as wide as could be ob- 
tained. These are compared with isoeffect formulae 
derived from published data describing the compli- 
cations following excessive doses which have re- 
sulted in radiation myelitis of the thoracic cord, 
optic nerve or chiasm damage, or brain necrosis. 
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All data sets were subjected to the same sequence 
of analysis, consisting of fitting data to a straight 
line, exponential curve, power curve, hyperbola and 
inverse hyperbola, by data transformation and linear- 
ization. Coefficients of the relevant equations with 
their 95% confidence and 95%, prediction limits 
were determined for each curve-fitting procedure. 
All data were also fitted by a conjugate gradient 
search. procedure (Powell, 1965) to the Ellis-type 
formula, total dose— K Na T5, 

The sources of the data used are discussed in the 
individual sections. Much of the published data 
could not be used because of lack of treatment details, 
particularly regarding the number of increments 
used. Doses quoted in róntgens have been converted 
to cGy (rad), and bone corrections (Johns and 
Cunningham, 1969) have been made as indicated in 
the appropriate Tables. RBE corrections have also 
been made for orthovoltage and electron data 
(Paterson, 1960). Barotherapy data have been ex- 
cluded, as have data where dose per increment has 
varied. 

The data points analysed for the series of brain 
necrosis, thoracic myelitis, and optic nerve and 
chiasm damage have been selected to include only 

"threshold" doses. These are the minimum total 
doses for a treatment regime for a given number of 
increments (N) at which the complication occurred. 
The approach is similar to that of Friedman and 
Pearlman (1955) who used the technique of mini- 
mum corroborated tumour lethal dose to minimize 
distortion of isoeffect curves of tumour control by 
excessive doses. Isoeffect curves have also been 
derived for subsets of thoracic myelitis, optic nerve 
and chiasm damage where a range of incidence of 
these complications is stated or can be estimated. 
This results in a narrowing of the confidence limits 
and is particularly useful to examine the "threshold" 
isoeffect curves. There was insufficient data for 
brain necrosis to determine complication rates. 


RESULTS 

Brain tolerance derived empirically 

Published empirically-determined tolerance doses 
for whole brain and large and small volumes of brain 
are listed in Table I. To these are added dose-time- 
fractionation schedules in use at the centres visited 
by one of the authors (D.R.W.), which are listed in 
the appendix. Most regimes were given at five frac- 
fractions per week, or with only minor departures 
from this, as is indicated in the Table. 

Regression analyses of the data for whole brain or 
large volume of brain, either separately or com- 


bined, show that a straight line (T7D—a-+-bN) fitted 


as well as the power curve equation, 7D —aN», This 
was also the case for the data on small volumes but 
with different fitting constants. 

Between 1934 and 1952, 84 cases of brain tumour 
were treated by a hyperfractionation regime adopted 
by R. Kaye Scott, consisting of three or four 
schedules with intervals, usually of three, six and 
then nine months, between schedules. Similar 
techniques have been reported by Kaplan (1941) and 


TABLE I 
‘TOLERANCE DOSES OF MATURE HUMAN BRAIN DERIVED 
EMPIRICALLY, DOSE PER INCREMENT CONSTANT, FIVE OR 
MORE INCREMENTS PER WEEK 





: Overall 
Total dose | Number of| treatment 
cGy (rad) |increments | time, days 


(TI 2 (N) ( T) 
W “hole hrain 
Salazar et ai. (1976) 6000 33 46 
Kramer and Lee 
(1974) 5000 25 35 
Marsa et al, (1975) 4000 20 28 
Todd (1965) 3750 15 21 
Visited centres 6000 35 49 
Visited centres 6000 35 49 
Visited centres 6000 33 46 
Visited centres 6090 30 42 
Visited centres 5000 27 37 
Visited centres 5000 25 35 
Visited centres 5000 25 35 
Visited centres 4000 20 28 
Visited centres 3000 10 14 
Large volume of 
brain 
Bouchard (1966) 6500 38 54 
Lindgren (1958) 4916+ 24 30 
Todd (1965) 4000 15 21 
Boden (1950) 3441+* 15 17 
Visited centres 6000 34 48 
Visited centres 5500 30 42 
Visited centres 5506 28 38 
Visited centres 5250 25 35 
Visited centres 5000 25 35 
Visited centres 4500 20 28 
Visited centres 3006 8 12 
Small volume of 
brain 
(approximately 1/3 
or less) 
Kramer and Lee 
(1974) 6500 35 49 
Todd (1965) 4300 15 21 
Boden (1950) 4425t* 15 17 
Visited centres 6000 30 42 
Visited centres 5500 25 35 
Visited centres 5000 20 28 
Visited centres 4250 15 21 





*Bone corection 10*;. 

T Not strictly five increments per week. 

In all tables the doses have been converted (where necessary) 
to §°Co y rays or megavoltage X ravs. 
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Jenkinson and Oldberg (1941), but these lacked 
treatment details. The dose per increment usually 
varied between schedules. A common regime was to 
start at 150 cGy (rad) per increment for the first 
schedule, reducing to 125 cGy (rad) for the second 
and further reductions for subsequent schedules. All 
fields were treated daily. No cases of brain necrosis 
were known to have occurred (Kaye Scott, 1978) and 
a retrospective review of all the records revealed no 
evidence of this complication. Table II shows 17 
of the 84 cases who survived 4.8 years or more. 
After this time interval necrosis is unlikely to occur 
(Kramer and Lee, 1974). Five cases had a constant 
dose per fraction throughout the regime. Most of 
these long survivors had cystic gliomas or brain- 
stem gliomas. 

The mean tendency of the power curve derived 
from the combined data for whole brain and large 
volumes was, 


TD -—(862--1 56)N 9.55 +0.06) 


TD =the total dose in cGy (rad); 
N =the number of increments. 


(1) 


where 


For small volumes of brain the mean tendency of the 
power curve derived was, 


TABLE H 
TOLERANCE OF MATURE HUMAN BRAIN, HYPERFRACTIONATION 
serps, Bone anp RBE CORRECTIONS MADE. DURATION OF 
REGIME INCLUDES INTERVALS BETWEEN SCHEDULES, FIGURES 





IN BRACKETS EXCLUDE THESE INTERVALS 
| Number of | Duration 
l Total central dose | increments | of regime | Survival 
| cGy (rad) (N) (days) (years) 
| Large volume of 
brain 
13110 100 | 810 13 
11012 94 | 410 21 
12718 90 2640 19 
i 9440 88 450 7.5 
9960 87 | 600 4.8 
9460 83 540 18 
11316 81 840 28 
9963 80 540 8 
8916 71 450 13 
7341 70 480 23 
12674* 87 420 (108) 9 
10608* 87 690 (122) 4.8 
8460* 60 630 (90) 26 
7925* 49 890 (108) 23 
Small volume of 
brain 
9964 80 510 5.6 
| 9079 78 1050 15 
| 14867* 51 1018 (128) 9.8 


i 
t 


* Dose per increment remained constant. 


TD —(1273 4-221)N (0-46 £0.06) (2) 


Figure 1 shows these two power curves with their 
959/ confidence limits and extrapolated mean values. 
'The cases listed in Table II were plotted but were 
not used in deriving the above equations. The time- 
dose-fractionation equation derived from combined 
data for whole and large volumes of brain was 


TD--(860--337)N(.4620.20) T0.09:0.20) — (3) 


For small volumes of brain, the values were 


TD-(1269--102)N19.4120.02) T0.04:0.004) — (4) 
Thoracic myelitis 

Adequately documented cases of permanent 
thoracic myelitis are listed in Table III. Only 
“threshold” total doses given at a constant dose per 


14 


13 2 


o0 


TOTAL DOSE cGy (rad) x 1000 
s 


(0 20 30 40 50 60 70 80 90 100 


NUMBER OF INCREMENTS 
Fic. 1. 


Isoeffect curves for tolerance of mature human brain derived 
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TABLE II] 
RADIATION MYELITIS OF THORACIC CORD 











| ‘Total dose Number of 
cGy (rad) increments 
(TD) | (N) 
Reinhold et al. (1976) 6515 3011 
69Co or MV X rays 6282 29+] 
60Co or MV X rays | 6912 28+ 
| Co or MV X rsys i 6174 | 27H 
0Co or MV X rays 5342 2611 
89Co or MV X rays 6186 25+ 
$9Co or MV X rays 6161 24+ 
$?Co or MV X rays 6727 23 
| 89Co or MV X rays | 6953 22 
6Co or MV X rays 5609 20+ 
| 6Co or MV X rays 5782 19 
$9Co or MV X rays 6354 18 
Atkins and Tretter (1966) 3987 12 
3651 10 
22.5 MeV electrons 1993 2 
| Locksmith and Powers | 
| (1968) | 4145 1611 
22.5 MeV electrons | 4061 154} 
Wara et al. (1975) 6700 374] 
SOC 6 or MV X rays 6753 36tT 
$9C60 or MV X rays | 3300 6 
Coy et al. (1969) ®°Co | 4200 8 
Smithers et al, (1943) | 5765 31F 
| HVL 3.7 mm Cu 
| Atkins and Tretter (1966) 4985 25 
| 3987 20 
Boden (1950) 3441* 15 
Wara et al. (1975) 3000 10 
2000 5 


A Arant AAAA M ni harara AAAA AE EAEE reia er A aa ma aaa aana aA AAAA A aaa aa aaa e 


*Bone correction 10°,. 

t Five increments per week approximately. 

{ Five increments per week and 12.595 —44*5 incidence. 
Series used for TDF (equation (7)). 


fraction are included. RBE corrections were made 
for orthovoltage and electron cases, and bone cor- 
rections were made for orthovoltage cases. The 
series contains some cases which departed from five 
fractions per week. 

Cases with similar incidences of myelitis were 
grouped for analysis to narrow the confidence limits 
of the isoeffect curves derived. Cases have been 
eliminated where this information was not available 
or could not be derived reasonably accurately. The 
incidence of myelitis was stated (Locksmith and 
Powers, 1968; Atkins and Tretter, 1966), or can be 
derived from the text (Smithers et al., 1943; Wara et 
al., 1975). The incidence for the Reinhold et al. 
(1976) series has been estimated by calculating the 
equivalent dose (ED) (Wara et al., 1975) for each of 
this series with and without myelitis. Groups with 
similar ED values, with and without myelitis, can 
be compared and the incidence derived. 

Estimates of the average latent period for the on- 
set of myelitis vary from nine months (van den 





Overall treatment Length of Estimated 
time (days) cord incidence s 
(T) | (cm) 9o Series 
43 15 44 B 
44 12.5 25-44 B 
42 11 > 50 b 
37 10.5 44 B 
37 17 25 A 
35 13 44-50 B 
33 10 50 B 
64 11 50-100 C 
55 14 100 C 
26 10 50 B 
48 9 50 B 
42 | 9.5 100 C 
26 | 21 19 A 
21 | 9 19 A 
7 10-29 31 B 
21 | 14 12.5 A 
21 21 12.5 A 
55 ? 35 B 
$5 ? 35 B 
23 | f 40 B 
29 11 55 C 
39 15 2.5 A 
35 0 0 
28 0 0 
H 0 0 
? 0 0 
? | Q 0 


Brenk et al., 1968) to 17 months (Palmer, 1972). The 
observed period in this series exceeded one year, 
with the exception of Coy et al.’s (1969) observa- 
tions which were made at nine months. The probable 
incidence for the latter has therefore been calculated 
from its ED value. 

Three groups have been examined separately. 'The 
probable incidences of myelitis within these groups 
series), > 50°, (C series). A further subset with 0°% 
risk represents doses reported by the authors quoted 
in Table III to carry no risk of mvelitis. 

The N values for the B series, 2 to 37, encom- 
passed those for the A and C series. The mean ten- 
dencies for both the B series and the A, B and C 
series combined were almost identical. For the B 
series the values were: 


TI 2 Teron ( D 5 3 Q d [ 5 5) N8. 43 10.03) 


(5) 
The dose-fractionation regimes at which the prob- 
ability of myelitis occurring is very low and approaches 
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0% "threshold" of tolerance) are difficult to define 
with accuracy because of data limitations. Guide- 
lines available (Fig. 2) include the lower 9595 con- 
fidence limits of series A, and the mean tendency of 
095 series. An alternative was to derive the a and 5 
values at zero incidence (ag and bg) by extrapolation 
of the mean a and the mean 5 values of the individual 
incidences within each of the three series A, B and C. 
The mean tendency for "threshold" of tolerance 
using the ap and bọ values derived was 


TD=1309NO-41 , , , , 6) 


:xamples of "threshold" doses derived from 
equation (6) are given in Table III and plotted in 
Fig. 2. This figure shows that the TD values ob- 
tained are very similar to the 9594 confidence limits 
of the A series, which however lacks data below ten 
fractions. As these values are similar to the 95°, pre- 
diction limits of the A, B and C series combined 


TOTAL DOSE cGy (rad) x 1000 





10 20 30 40 90 


NUMBER OF INCREMENTS 
Fic. 2. 
Isoeffect curves for thoracic my elitis. 1, mean tendency 09, 
incidence (0). 2, mean tendency P to 25° incidence (A), 
with 95%, confidence limits Hatched” 3, mean tendency A, B 
and C series combined, which is alinost identical to mean 


tendency of 25°, to 50°, incidence (B). Continuous line, 
threshold of tolerance (equation (6)). 





(between 140 and 220 cGy (rad) higher) the latter 
have not been included in Fig. 2. 

One series (Table III) treated with five fractions 
per week, with an incidence between 12.594 and 
4495, was available to derive a time-dose-fraction- 
ation equation. As the lowest number of fractions 
was 15 (N from 15 to 37), and as only eight cases 
were available, extrapolation below 15 fractions be- 
comes increasingly unreliable. The values derived 
were: 


TD-—(796 4- 147)N (0.54 :-0.05) (0.05 £0.01) | (7) 


Optic nerve and chiasm damage 

There are far fewer case reports of this compli- 
cation than of thoracic myelitis, and again many ex- 
clusions were necessary due to inadequate docu- 
mentation of treatment details. The number of 
increments was not reported by Ross et al. (1973), 
Rosengren(1958), Crompton and Layton(1961), Buys 
and Kerns (1957), Ellis (1949), or Spillane(1951). The 
total dose was not clearly stated by Martins et al. 
(1977) or Marsa et al. (1975), and cases reported by 
Orth (1973) and Ghatak and White (1969) are 
excluded because of uncertainty of the incidence, 
and cases with lower dose per increment are available. 
Cases treated with continuous irradiation (Hartog 
et al., 1965; Forrest et al., 1956), and those treated 
with particle irradiation by Linfoot et al. (1971) 
and Kjelberg and Kliman (1973), are also excluded 
because of uncertainties of the RBE values and 
details of dose distribution. One case treated with a 
grossly excessive dose of 81000 cGy (rad) 
(Urdaneta et al., 1976) has been excluded. 

The number of increments in Schukovsky and 
Fletcher’s series (1972) can be derived from the 
NSD values quoted. Two of 15 cases developed 
central retinal artery thrombosis nine and 15 months 
after treatment. The observed period was five years 
and the incidence was estimated to be 13°. Three of 
15 cases developed optic nerve blindness between 
four and five years after treatment and the incidence 
was estimated as > 209,. Harris and Levine (1976) 
reported five cases of damage to optic pathways; the 
incidence can be derived from the text. Aristizabal 
and Caldwell (1976) reported four cases of blindness 
and one case of brain necrosis. The brain necrosis 
case could not be identified but it is unlikely to alter 
the percentage complication rate appreciably. The 
doses used in this series are the means of the range of 
doses quoted. Schatz et al. (1975) reported three 
cases, two of which had dissimilar doses and are 
included. Two of these cases developed visual field 
defects identical to so-called patterns of ischaemic optic 
nerve and chiasm disease. The authors considered 
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that the doses used were in a range at which this 

complication is particularly uncommon and these 

cases have therefore been included in the series of 
>0 < 20°, incidence. 

Table IV shows the details of the cases examined. 
The power curves have been plotted in Fig. 3, al- 
though the straight line fitted as well, reflecting the 
small range of N available. 

When all cases with a minimum dose per fraction 
were combined, the exponent for N was 0.59. This 
high value resulted from inclusion of several high- 
dose, high-incidence cases. When only those cases 
with a more uniform incidence of >0 <20% are 
considered, 


TD —(1815--1590)N (0.33 £0.25) (8) 


Within the limits of the data available, the best 
guides to the “threshold” of tolerance are the lower 


TOTAL DOSE cGy (rad) x 10000 





10 20 30 40 50 
NUMBER OF INCREMENTS 
Fic. 3. 


Isoeffect curves for optic nerve and chiasm damage: 1, 1so- 

effect line for 0°, incidence (0), 2, mean tendency > 0", 

< 2094 incidence (à), with 95%, confidence limits hatched. 

3, mean tendency of all cases combined. Incidence 520% 

(€). Continuous HRS threshold of tolerance from eaves 
data (equation (6)). 
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95° confidence limits of the series with >0 < 2097, 
incidence, and the zero incidence line derived from 
doses suggested as being safe by the authors listed in 
Table IV. The lower 95%, confidence limits do not 
include all data values and are therefore slightly too 
high. TD values for threshold of tolerance for 
thoracic myelitis defined by equation (6) are within 
40 to 70 cGy (rad) above the zero incidence line, and 
60 to 190 cGy (rad) below the 95°, confidence limit 
for optic nerve and chiasm damage. This isoeffect 
curve would appear to serve equally well for both 
thoracic myelitis and optic nerve and chiasm 
damage, when N lies between 16 and 28. 

Four cases were reported as having a thrombotic 
or microvascular basis for the observed effect. No 
difference between dose-fractionation relationships 
for these and the remaining cases could be detected. 
This is in contrast to the occurrence of central retinal 
artery thrombosis occurring at lower doses than optic 
nerve blindness, as reported by Schukovsky and 
Fletcher (1972). However, the numbers are too small 
to draw firm conclusions. 

'The time-dose-fractionation equation derived for 
the » 0 « 2094 incidence cases treated with five frac- 
tions per week was: 


Brain necrosis 

There are few adequately documented cases of 
brain necrosis suitable for examination. Many ex- 
clusions were necessary because of uncertainties of 
dose, e.g. Scholz and Hsu (1938) and Foltz et al. 
(1953); and uncertainties of the number of fractions 
used, e.g. Lampert and Davis (1964), Malamud et al. 
(1954), Crompton and Layton (1961) and O'Connell 
and Brunschwig (1937). Because of possible in- 
tolerance of the hypothalamic region (Arnold et al., 
1954), cases of necrosis in this region reported by 
Kramer et al. (1968), Almquist et al. (1964) and Peck 
and McGovern (1966) have been excluded. Also 
excluded are cases treated with multiple widely- 
spaced schedules. The remaining suitable cases are 
listed in Table V. 

All were treated with orthovoltage beams. Bone 
and RBE corrections have therefore been made. The 
smallest volume in the series was treated with a 5 cm 
diameter beam. 

Pennybacker and Russell (1948) reported five 
cases, but only case | was suitably documented and 
treated with a single schedule. T he dose has been re- 
calculated at a depth of 1.5 cm. Only Boden's (1950) 
cases 1, 4 and 6 were included; the remainder were 
excluded because of treatment with multiple 
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TABLE IV 
RADIATION DAMAGE TO OPTIC NERVE AND CHIASM 





‘Total dose Number of Overall treatment Estimated 
cGy (rad) increments time (days) incidence 
(TD) (N) (T) o 
Schukovsky and Fletcher (1972) 7300 32 43 S20 
MV X rays or 99Co 7300 25 34 z 20 
MV X rays or ®°Co 7000 33 43 5 20 
MV X rays or 99Co 60001 28* 40 13 
MV X rays or ®°Co 5500F 27 34 13 
Harris and Levine (1976) 4500 20 32 9.6 
| MV X rays 7000 28* 45 100 
MV X rays 5000 20 29 8.3 
MV X rays 4500 18 26 9.6 
Aristizabal and Caldwell (1976) 4900 24 34 « 10 
MV X rays or ®°Co 5400 27 38 « 20 
Schatz et al. (1975) 50001 25 36 « 20 
6Co 5400+ 27 36 < 20 
Visited centres 5000 16 21 12 
Harris and Levine (1976) 4000 16 24 0 
Aristizabal and Caldwell (1976) 4000 23 30 0 





All cases treated with five increments per week except *. 
t Vascular aetiology. 


"TABLE V 
BRAIN NECROSIS 





Overall 
Per cent bone | Total dose | Number of | treatment Estimated 
Case bone cGy (rad) | increments | time (days) | incidence 
| number correction (TD) (N) (T) p 

Pennybacker et al. (1948) 1 10 1991 1 1 
Boden (1950) 1 10 5948* 151 17 
Boden (1950) + 10 5359* 15i 17 
Boden (1950) 6 10 5457* 15] 17 
Dugger et al. (1954) 10 4181*T 101 10 
Wachowski and 1 5 8053+ 57 1058 

Chenault (1945) 3 10 8662F 49 878 
Lindgren (1958) 171 10 7128 211 27 
Lindgren (1958) 188 10 7374 241 31 
Lindgren (1958) 301 10 7078 | 27 708 
Lindgren (1958) 116 10 8062 | 27 708 
Lindgren (1958) 27 10 7964 28 788 
Lindgren (1958) 158 10 71267 30f 38 
Lindgren (1958) 135 10 9930 34 708 
Lindgren (1958) 4] 10 7177t 35 88$ 
Lindgren (1958) 192 10 8259 38 678 
Lindgren (1958) 203 10 7079F 42 90§ 
Boden (1950) (large volume) 10 3441 15 17 
Lindgren (1958) 10 5899 35 88 
Lindgren (1958) 10 4917 24 30 
Lampert (1959) 0 4911 20 29 Demyelin- 


ation 





*ED values 1536-1818 ret, treated at five increments per week, 
TED value < 1541 ret (1332-1541). 

t Five increments per week approximately. 

§Split or interrupted course. 
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schedules or else because necrosis occurred only in 
the medulla. The dose used by Dugger et al. (1954) 
has been recalculated at 2 cm assuming a beam of 
HVL 0.5 mm Cu. Case 2 of Wachowski and Chen- 
ault (1945) had multiple treatments and was ex- 
cluded; and treatment of cases | and 3 was inter- 
rupted, extending the overall treatment time. 
Lindgren (1958) reported 16 cases of necrosis; of 
those excluded, three were children, one had 
probable superadded infection, and two had mul- 
tiple treatments. Included are seven cases who had 
split course regimes with six to eight weeks between 
schedules. 

There are no reliable data for the incidence of 
necrosis at the dose-time-fractionation regimes 
used. In Boden's middle-ear series, 17 cases sur- 
vived one year or more for assessment. Four 
developed necrosis, and five others developed pro- 
gressive paralysis presumed to be radiation effects, 
giving an incidence between 24°, and 5395. Lind- 
gren's (1958) cases were treated by a fairly uniform 
technique; of these, 21 died after one year or more 
and were examined at autopsy; 38°, had evidence of 
necrosis. Uncertainties regarding the assumed ran- 
dom selection of cases for autopsy and some vari- 
ation in dose preclude assessment of the true 
incidence. 

When all "threshold" cases were combined 
(Table V, excluding Boden's cases 1 and 6 and 
Lindgren's case 116), N ranges from 1 to 57 and the 
best fitting equation was 


TD —(2009 4-510) N (9.38 +0.08) (10) 


The lower 95°, prediction limit of this series is 
shown in Fig. 4. 

Table V includes a subset of 0°, risk representing 
doses recommended as being “safe” by the authors 
quoted. It includes one regime reported by Lampert 
et al. (1959) which caused gross demyelination, with 
small areas of central necrosis seen on microscopic 
examination. This case probably represents the 
borderline of gross necrosis and has been included 
with the 0°, incidence series. 

In the absence of reliable incidence data, an at- 
tempt to group cases with likely similar probabilities 
of complication has been made by grouping accord- 
ing to similar ED values. The best fitting equation 
for cases with ED values less than 1541 ret was 


TD —(1665 1-959) N (0.4020. 15) s (11) 
Figure 4 shows the 95%, confidence limits of this 
series (equation (11)). Examples of the lower limit 
are listed in Table VI as a guide to the "threshold" 
of tolerance of brain necrosis. An alternative more 


conservative estimate of "threshold" values 1s given 
by the lower 95%, prediction limits for all cases com- 
bined (equation (10), but because of data limit- 
ations these may be too conservative especially 
within the higher range of N values. 

Only one small series treated at five fractions per 
week (ED values of 1536 to 1818 ret) was available 
for derivation of a time-dose-fractionation equation. 
The values were 


T D(1984 4-34) N ©.40 20.008) 770.000 06 0.009) — (12) 
Discussion 

The exponents for N of 0.55 for tolerance of large 

volumes of brain (equation (1)) and 0.46 for small 


M 


TOTAL DOSE cGy (rad) x 1000 





10 20 30 40 50 60 
NUMBER OF INCREMENTS 
Fic. 4. 
Isoeffect curves for brain necrosis. 1, mean tendency 095 
incidence (0). 2, mean tendency for cases with ED values 
< 1541 ret (A) (equation (11)), with 95%, confidence limits 
hatched. 3, mean tendency all "threshold" cases combined 


(equation (10)), with the lower 95°, prediction limits of this 
series shown as a continuous line. 


794 


Tolerance of the mature human central nervous system to photon irradiation 


volumes (equation (2)) are slightly higher than those 
for thoracic myelitis and brain necrosis when data are 
avalable which encompass a wide range of incre- 
ments. Thus, for the series including all myelitis 
cases combined and the B series myelitis (equation 
(5)) the exponent was 0.43. This is similar to the 
value for rat myelitis of 0.40, derived by White and 
Hornsey (1978) for one to 30 fractions, 0.44 for one 
to four fractions (Masuda et al., 1977), and 0.42 for 
one to 20 fractions (van der Kogel, 1977a). There 
are insufficient human data to confirm whether a 
constant slope is maintained when small numbers of 
increments are used, as occurs with rat mvelitis but 
not with radiation pneumonitis of mice (Field et al., 
1976). The exponent for brain necrosis, when a wide 
range of increments is available, is 0.38 (equation 
(10)) and is also slightly lower than the empirically 
determined values for brain tolerance. Ít appears, 
therefore, that the isoeffect curves for large and 
small volumes of brain (equations (1) and (2)) may 
slightly over-estimate the slope. 

Figure 5 shows that for values of N between 10 
and 31 the mean values for myelitis (2.5-3594 in- 
cidence) and optic nerve and chiasm damage 
(>0 «209, incidence) are similar, and are situated 
midway between the two sets of empirically deter- 
mined isoeffect curves for brain tolerance. Doses 
used for small volumes, therefore, may cause 
damage to spinal cord or visual pathways. 

Figure 5 shows that the mean values for the series 
with lowest incidence of brain necrosis are higher 
than the corresponding values for myelitis and optic 
nerve and chiasm damage. However, the true 
incidence of brain necrosis in this series is unknown. 
As the values of "threshold" doses for brain necrosis 
are also higher (Table VI, see later discussion), it is 
probable that this complication is observed at slightly 
higher doses because it 1s a less sensitive end-point, 
rather than because of any fundamental difference in 
tissue response. 

The very high doses in the hyperfractionation 
series (Table II) lie above the extrapolated values 
for empirically determined tolerance doses shown in 
Fig. 1, which as stated may have overestimated the 
slope slightly. As these high doses have not caused 
brain necrosis it is probable that “repopulation” has 
occurred between the widely spaced scedules, as has 
been described for radiation myelitis of the rat spinal 
cord (van der Kogel, 1977b; White and Hornsey, 
1978). 

The time-dose-fractionation equations derived 
from the data on five fractions per week available for 
whole and large volumes of brain combined (equa- 
tion (3), small volumes of brain (equation(4)), 


thoracic myelitis (equation (7)) and brain necrosis 
(equation (12)), all show a negligible exponent for 7. 
The low dependence on 7 reflects the fixed relation- 
ship between N and T in the regimes examined, and 
also suggests that little recovery occurs during un- 
interrupted treatment regimes of five fractions per 
week. 

The data on five fractions per week used to derive 
isoeffect curves for large and small volumes of brain 
(equations (1) and (2) and spinal cord (equation (7)) 
were examined in a relationship of time versus "dose" 
(in róntgens). The exponents for the power curves 
obtained were between 0.46 and 0.54. These are 
higher than the values of 0.22 used by Boden (1950) 
and 0.26 derived by Lindgren (1958) for brain toler- 
ance and similar values quoted for spinal cord by 
Pallis et al. (1961), Maier et al. (1969), Vaeth (1965), 
Jellinger and Sturm (1971) and Palmer (1972). 


TOTAL DOSE cGy (rad) x 1000 





10 20 30 40 50 


NUMBER OF INCREMENTS 
Fic. 5. 


Isoeffect curves for mature human brain. 9594 confidence 
limits of whole brain and large volumes of brain combined 
(L), and small volumes of brain (S), compared with mean 
tendencies of lowest (2.5-2595) incidence series of myelitis 
(MI), optic nerve and chiasm damage » 094 < 2095 (0), and 
brain necrosis with ED values « 1541 ret (BN). 
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TABLE VI 
TOLERANCE OF MATURE HUMAN BRAIN TO PHOTON IRRADIATION 
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Empirically determined brain 
tolerance dose per increment 
(TD/N cGy (rad)) 
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Number of 
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volume 
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“Threshold” of tolerance, dose per increment 
(TD/N cGy (rad) 





Brain 
necrosis 


Optic nerve and 
chiasm damage 


Thoracic 
myelitis 


increments 
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Intermediate values may be derived from equations (1), (2), (6) and Fig. 4. 


Boden's isoeffect curve was derived by the inappro- 
priate application of Strandqvist's (1944) curve 
derived from skin data. As the exponent for T is low 
(equations (3), (4), (7) and (12)), the dose per frac- 
tion becomes paramount, so that presenting data 
using overall time versus total dose as these authors 
have done, does not necessarily allow for differences 
in, or uncertainties of, dose per fraction, as with 
Palmer's (1972) and Jellinger and Sturm's (1971) 
series, Variation in overall treatment time, by de- 
partures from daily fractions or by use of split-course 
data (Lindgren, 1958; Maier et al., 1969), have re- 
sulted in flatter isoeffect curves than occur when 
regular data on five fractions per week alone are 
used. The use of these inappropriately derived 
time-dose isoeffect curves has lead to persistant un- 
certainties regarding tolerance of brain and spinal 
cord. 

The application of the Ellis equation derived from 
connective-tissue responses is inappropriate for cen- 
tral nervous tissue and may lead to substantial over- 
dose. For example, a total dose of 5000 cGy (rad) 
given in 25 increments of 200 cGy (rad) at five frac- 
tions per week (1562 ret) lies within the empirically 
determined safe dose for large volumes of brain. The 
equivalent dose per fraction determined by the Ellis 
equation for 15 increments at five fractions per week 
is 277 cGy (rad). This is at the "threshold" of brain 
necrosis. The equivalent dose per fraction, deter- 


mined for 15 fractions delivered in 25 days, is 295 
cGy (rad). This exceeds the "threshold" for brain 
tolerance (Table VI). 

In Table VI are examples of estimated mean 
values for brain tolerance derived from equations (1) 
and (2). This emphasizes the dependence of the 
tolerance of central nervous system tissue on dose 
per fraction. The dependence on dose per fraction 
for connective tissue is less, due to the lower ex- 
exponent for N in the Ellis equation. 

Examples of the best estimates of "thresholds" of 
tolerance for thoracic cord, and optic nerve and 
chiasm damage shown in Table VI are derived from 
equation (6). It is difficult to be certain of the depen- 
dency of dose on length of cord, but the data avail- 
able are listed in Table III. Brain necrosis “thresh- 
olds" are derived from the lower 95°, prediction 
limits of equation (10). 

From the data available, there is considerable un- 
certainty regarding tolerance of central nervous 
system tissue when small numbers of fractions are 
used. T'he best guide available is the thoracic myel- 
itis data. More information in this clinically useful 
range is particularly desirable, as is more inform- 
ation in the hyperfractionation region. In order to 
explore these deficiencies, animal experiments will 
be necessary. However, a plea is made for adequate 
documentation of treatment details when human 
data are reported. 
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Book review 


Management of Persons Accidentally Contaminated with 
Radionuclides. Recommendations of the National Council on 
Radiation Protection and Measurements (NCRP Report No. 
65), pp. vi-- 205, 1980 (National Council on Radiation Pro- 
tection and Measurements, Washington DC), $8.00. 

ISBN 0-913392-49—9 

This report is one of a series published by NCRP in 
which an authoritative American view is given on various 
matters connected with radiological protection. It has been 
written primarily to help physicians with responsibilities for 
the management of patients contaminated by  radio- 
nuclides. The NCRP emphasise that the report is intended 
only as an aid or guide for dealing with accident cases in 
their initial stages and it is not therefore concerned with the 
purely clinical consequences of any such accidents. 

The text is comprehensive, clearly written and supported 
by an extensive bibliography of over 400 references. A good 
account is given of the initial management of contaminated 
patients and the diagnostic techniques necessary to measure 


the extent of their contamination, while a most useful 
chapter of 37 pages reviews world experience of 18 of the 
most important radionuclides. 

'There is a valuable summary of practical measures in the 
chapter entitled “Quick reference information". In this, 
checklists are set out for on-site emergency procedures, 
history taking, decontamination measures and immediate 
therapy. 

Accidents involving patients with substantial contami- 
nation by radionuclides are fortunately rare; perhaps because 
of this, textbooks on therapeutic medicine do not contain the 
information presented in this book. The NCRP has there- 
fore done a most useful job and this report, together with 
ICRP Publication 28 which deals with the management of 
external exposure, should be on the bookshelf of every 
physician who may have to deal with patients who may have 
been exposed in this way. 

S. Rar. 
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ABSTRACT 

The capacity for repair of sublethal damage during 
fractionated irradiation of the mouse bladder has been 
measured. Graded doses of electrons were given as 1, 2 or 5 
equal daily fractions. 

Two functional end points were used to assess bladder 
damage: a) increased urination frequency and 5) decreased 
bladder capacity. Repair of sublethal injury within 24 hours 
was found to be similar using both assays for bladder 
damage and was greater than the repair observed in mouse 
skin for a given dose per fraction. 

The possibility of a slower repair process occurring in 
bladder was investigated by giving two fractions in increas- 
ing overall times (from 24 hours to one month). No increased 
repair was observed with the longer time intervals: hence 
there was no evidence for slow repair in the bladder. 


The extent to which normal tissues are damaged 
during radiation treatment is of obvious clinical 
importance and in practice limits the total dose that 
can be delivered. Experiments on normal tissues have 
used animal lethality to measure radiation-induced 
failure of organ function (Hornsey and Vatistas, 1963; 
Phillips and Margolis, 1972) or clonal methods for as- 
saying stem-cell survival (Till and McCulloch, 1961; 
Withers, 1967; Withers and Elkind, 1970). There 
are now also several non-destructive, functional 
assay systems available for normal tissues in rodents 
(Fowler et al., 1965; Vatistas and Hornsey, 1966; 
Van der Kogel and Barendsen, 1974; Chauser et al., 
1976; Travis et al., 1979) including our urination 
frequency assay for radiation damage in the mouse 
bladder (Stewart et al., 1978). Since these assays are 
non-destructive they allow sequential testing of the 
same animals so that the time course for develop- 
ment of the reaction can be examined. 

It is particularly important to measure the extent 
of injury to normal tissues after fractionated radia- 
tion treatments since the success of clinical radio- 
therapy regimes depends upon the ability of normal 
tissues to repair sublethal damage, and in some cases 
to replace depleted cells, during the course of treat- 
ment. Repair of sublethal radiation damage can be 
measured experimentally by comparing the doses 
required in single or fractionated treatments to 
produce equivalent levels of tissue damage. The 
present study was undertaken to measure repair of 
sublethal damage in mouse bladder using urination 
frequency and reduced bladder capacity (at sacrifice 


of the mice) as functional assays for radiation 
injury. This repair of sublethal injury, measured 
from dose-response curves, has been compared with 
the repair capacities reported for other normal 
tissues, 

In addition to the “Elkind” type repair of sub- 
lethal injury, which is completed within 24 h, a 
slower repair process has been reported in some 
slowly dividing normal tissues such as lung and 
capillary endothelium (Field et al., 1976; Reinhold 
and Buisman, 1975; Van den Brenk et al., 1974). To 
investigate whether slow repair also occurs in the 
bladder, two equal doses of radiation were given 
with time intervals ranging from one day to one 
month and the repair increment for longer intervals 
was compared with that measured in 24 h. 


MATERIALS AND METHODS 

Bladders of female CBA mice, aged 8 weeks at the 
start of experimentation, were locally irradiated with 
electrons. Electrons were delivered, from a linear 
accelerator of 1.8 MeV nominal energy, at 75 pulses 
per second and approximately 25 mGy per pulse, 
Le. an average dose rate of 112.5 Gy/min. The 
irradiation field size was 20 x 12 mm and doses 
quoted in this paper refer to the peak dose at 2-4 
mm depth (the position of the bladder in female mice 
of this age). Groups of animals (6-10 per dose) were 
irradiated under sodium pentobarbitone anaesthesia 
(60 mg/kg), with a minimum of three radiation dose 
groups for each fractionation schedule; two and five 
fractions were given as equal daily doses. Full 
details of the irradiation set-up, procedures and 
dosimetry have been described elsewhere (Stewart 
et al., 1978). 

After treatment the mice were kept without testing 
for 6 months and then tested at approximately 
monthly intervals for urination frequency. 


Urination frequency assay 

Frequency measurements were made over a 24 
hour period by housing mice in cages with a wire bar 
floor. Urine dropped through the bars onto absor- 
bent paper which was drawn beneath the cages at a 
speed of 15 cm/h (Stewart et al., 1978). At the end of 
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a 24 hour test period the absorbent paper was 
removed and the number of urinations per mouse 
was scored. A 24-hour test period was chosen 
because of diurnal fluctuations in urination fre- 
quency, the results being averaged over the 24 hour 
period. In order to visualize urine spots more clearly 
the sheets were initially sprayed with a 0.594 solution 
of 4-di-methylaminobenzaldehyde in 194 HCI 
ethanol to stain the urine bright yellow. However, it 
was subsequently found that ultraviolet light caused 
the urine to fluoresce and this proved to be an easier 
method of visualizing urine spots. 

Urination frequency was measured at approxi- 
mately monthly intervals from 6 to 15 months after 
treatment; previous experiments had demonstrated 
that there was no increase in frequency before six 
months (Stewart et al, 1978). At 15 months 
individual urine volumes (excreted in 24 h) were 
calculated from the total area of urine on the 
absorbent sheets. Urine volumes were estimated 
using a calibration curve constructed for spots 
caused by dropping known volumes of urine (from 
the same strain and sex of mouse) onto the absorbent 
sheets. 


Capacity technique 

Fifteen months after irradiation the mice were 
sacrificed and the bladder volume was measured by 
inflating under modest pressure. Bladders of freshly 
killed mice were exposed, but left in situ, and a 25 
gauge needle was inserted directly into the urethra 
which was then ligated. The needle was connected to 
a mercury manometer and increasing pressure (5 to 
35 mm Hg) was applied. During inflation, bladders 
were kept moist with isotonic saline and the size was 
measured, in three dimensions at each pressure, 
using specially made calipers with fine stainless steel 
blades. From these measurements the bladder 
volume could be calculated as a function of increas- 
ing applied pressure. 


RESULTS 

Urination frequency 

Jnirradiated control animals in this experiment 
had a very constant urination frequency (0.3 + 0.1 
urinations per mouse per hour) over the test period 
of 6 to 15 months. There was no increase in fre- 
quency in any of the irradiated animals at six or 
seven months after irradiation. Over the period eight 
to ten months, slight increases in urination frequency 
developed in some of the single-dose groups but a 
consistent dose-response effect was not observed 
until 12 months after irradiation. ‘This is somewhat 
later than in previous experiments, in which a dose- 


related radiation response developed by nine months 
(Stewart et al., 1978). There was more scatter than 
usual on the single-dose data in this experiment 
when tested at 15 months, which makes an accurate 
comparison with the two and five fraction dose 
response curves difficult. However, it was not 
possible to assess repair capacities at earlier times 
(when there was less scatter on the single dose curve) 
since urination frequency after two and five frac- 
tions was not maximal until 15 months. Figure ! 
illustrates dose-response curves after one, two and 
five daily fractions. It is clear from the displacement 
of the fractionated curves that there was significant 
repair of sublethal injury in two and five fractions. 
For high-dose levels, repair increments of approxi- 
mately 11 and 29 Gy respectively can be measured 
for two and five fractions. 

A second series of experiments was performed to 
investigate the possibility of "slow repair" occurring 
in the bladder by varying the time interval between 
two equal fractions. Figure 2 illustrates values for 
single doses and 2F/24 h measured at 12 months 
after irradiation. The repair increment measured in 
this experiment is smaller (6-8 Gy) than the value 
obtained from the first experiment, perhaps as a 
consequence of the large scatter on the single-dose 
data illustrated in Fig. 1. Table I summarizes the 
repair increments with root mean square errors 
estimated from envelopes drawn around one SEM of 
each data point. 

In Fig. 3 the curves for single doses and two 
fractions in 24 h are reproduced without data points. 
Urination frequency data for two fractions given in 
one, two or four weeks are indicated against these 
curves. lhese data fall close to the 2F/24 h line, 
suggesting that no additional repair occurred during 
the longer time intervals of one to four weeks. 
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irradiation. Single doses X, 2 fractions A, and 5 fractions e. 


[GRAYS] 


800 


SEPTEMBER 1981 


Repair during fractionated irradiation of the mouse bladder 





45 {ADDER REPAIR 12 MONTH: 
D-D. = 6-86y| 
er aa 
S/D 2H 24hr 
1.0 } 
/| 
a Pi 
> x 
Y / 
a jt 
5 / 
s L/ 
4 
x 
= 0.5 Y "i i 
I- Q^ 
«t 
Z f ra 
Ee p 
5 d 
0 10 20 30 m 
TOTAL DOSE (GRAYS) 
Fic. 2. 


Each data point represents the mean value for a group of 

6-10 mice -- ISEM. Urination frequency data from experi- 

ment 2 at 12 months after irradiation for single doses (O) and 

2F/24 hours (X). The (Ds — D1) value measured at frequency 
levels of 0.7—1.0 is shown on the graph. 


TABLE I 
REPAIR INCREMENTS FOR BLADDER 





Dx-Di1 (Gy) 


Treatment mean + 1 SEM 
2F/24h 
expt. 1 frequency 10 4.2.3 
expt. | capacity 7.6+1.7 
expt. 2 frequency 7 4.0.6 
expt. capacity 13+1.5 
| 5F/4d 
expt. 1 frequency 28 4-6.5 
expt. 1 capacity 24.5 -+-3.6 





Repair measured from dose-response curves for urination 

frequency and for reduced bladder capacity at 15 mm Hg 

pressure. The values correspond to a threefold increase in 

frequency and a halving of the capacity. Root mean square 

errors have been obtained from envelopes drawn through 

the standard errors on all points contributing to each dose- 
response curve. 


Bladder capacity 

Figure 4 illustrates the extent to which bladder 
volume under increased pressure was reduced at 15 
months after irradiation. ‘The data demonstrate a 
progressive reduction in bladder volume, for a given 
pressure, with increasing radiation dose. Dose 
response curves were constructed from these data 
and the repair capacity was measured from a com- 
parison of the single dose, two and five fraction 
experiments at 15 mm Hg applied pressure (Fig. 5). 
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Urination frequency as a function of dose (12 months after 

irradiation). The solid and dashed lines represent the single 

dose and 2F/24 hour data from Fig. 2. Data points illustrate 

mean frequency values for 2F/1 week (left), 2F/2 weeks 
(centre) or 2F/4 weeks (right). 
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Bladder volume measured at increasing applied pressure. 

Data are shown for control animals (X) and a range of 

radiation doses at 15 months after treatment. Each point 
represents the mean volume of a group of mice + ISEM. 


801 


Vor. 54, No. 645 


F. A. Stewart, V. S. Randhawa, B. D. Michael and f. Denekamp 


DO 


BLADDER CAPACITY 


m 
C2 
[—— 14 —3À 


e 

E 200 

F 

E 

E 

= 150 

: f 

til C 

= S/D 2F SF 
= Á 

a OU $ 
> i À 

a 

"m 

C3 C 

3 

b 50 i 

ai 


Ü 10 20 30 40 t 5 
TOTAL DOSE (GRAYS] 
Fic. 5. 


Dose response curves for bladder volume (at 15 mm Hg. 
applied pressure) after single doses (X), 2F (A) or 5F (e) 
treatments. 


This pressure was chosen because it caused a 
significant increase in bladder volume without 
bursting any of the fragile irradiated bladders. 
Repair increments measured from these curves are 
about 8 and 25 Gy for 2 and 5 fractions respectively. 
These values are in reasonably good agreement with 
the repair increments measured for the same mice by 
the urination frequency assay (Fig. 1 and Table I). 


DISCUSSION 

Two separate assays (urination frequency and 
bladder volume) have been used to measure the 
extent of sublethal repair in the mouse bladder. The 
data confirm that dose-related increases in urination 
frequency are produced by electron irradiation of the 
bladder. At 12-15 months a moderately severe 
response (0.75 urinations per mouse per hour or 18 
urinations in a 24 h period) resulted from a single 
dose of 23 Gy, 33 Gy in two fractions or 51 Gy in 
five fractions. 

By 12 months after irradiation there is histological 
evidence of some fibrosis which could lead to 
decreased bladder capacity and increased frequency. 
We have also demonstrated that loss of epithelial 
cells coincides with the time of onset of increased 
urination frequency (Stewart et al., 1980); at three 
months no increased urination frequency and little 
increased proliferative activity were observed in 
endothelium or epithelium. By 6-12 months marked 


TABLE H 











Dose (Gy) Urine volume/24h (ml) 
Control 
15 

17.5 


LL 


m 


Urine volumes for control and irradiated mice in a 24 hour 
period. Each value is the mean -+ 1 SEM for a group of 6-10 
animals. Volumes were estimated from the areas of urine per 
mouse on the absorbent frequency sheets. Urine output is 
significantly reduced after doses » 20 Gy. 


increases in both proliferative activity and urination 
frequency were demonstrated. Proliferation rates 
remained high up to 19 montbs, which we inter- 
preted as failure to replace the superficial epithelial 
cells, leaving deeper layers of tissue exposed and 
resulting in continued chemical irritation of 
unspecialized cells in contact with urine. 

There is no evidence of a slow repair process 
occurring in the bladder, since repair between two 
fractions given in four weeks was no greater than 
repair in 24 h. This contrasts with data from some 
other slowly dividing normal tissues such as the lung 
and capillary endothelium (Field et aL, 1976; 
Reinhold and Buisman, 1975) where slow repair has 
been demonstrated. However, in the spinal cord 
(also a slow turnover tissue) no slow repair has been 
demonstrated; the sparing effect of extended frac- 
tionation was attributed entirely to repopulation 
(Van der Kogel, 1979). 

Urination frequency has the advantage of being a 
non-destructive assay so that the same mice can be 
tested repeatedly over many months. However, the 
assay has the disadvantage that no account is taken of 
variations in urine volume which could occur if 
bladder irradiation influenced kidney function. The 
kidneys were not irradiated using the set-up 
described in this paper, but the ureters were included 
in the irradiation field which may have led to ob- 
struction and back pressure to the kidneys, resulting 
in infection. We have observed a 10°, incidence of 
hydro-nephrosis, with associated degeneration of 
kidney tissue at doses below 30 Gy and up to 60°% 
after higher doses. It is clear from the measurements 
of urine volume in Table II that animals which had 
received radiation doses in excess of 20 Gy had 
significantly. reduced urine outputs in a 24 hour 
period. Such variations in urine output will ob- 
viously influence the measured urination frequency; 
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for mice producing very little urine, frequency may 
not be a good measure of radiation damage unless 
urine volume is taken into account. Single-dose data 
at 15 months after irradiation were therefore re- 
analysed as urination frequency/ml urine excreted 
(Fig. 6) which has the effect of considerably steepen- 
ing the dose response curve, particularly at doses 
greater than 20 Gy. Unfortunately urine volumes 
were only analysed for the single-dose animals, so a 
similar retrospective correction of all of the data is 
not possible. In future experiments urine volumes 
will always be noted. 

In Fig. 7 the bladder volume at 15 mm Hg in- 
flation pressure is plotted, for individual mice, as a 
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Bladder volume (at 15 mm/Hg) as a function of urination 

frequency (L) or frequency index (R). Only when the data 

are corrected for urine output (R) is there any correlation 
between bladder capacity and frequency. 


function of urination frequency. When the number 
of urinations per mouse per hour (left hand panel) 
was used as the measure of frequency, there was no 
apparent correlation between volume and frequency. 
However, using frequency corrected for reduced 
urine output (right hand panel) there is some 
relationship between capacity and frequency; ani- 
mals with a frequency index greater than 1.0 all had 
much less inflatable bladders with volumes less than 
100 mm? at 15 mm Hg pressure. 

Examination of dose-response curves (for urina- 
tion frequency and reduced capacity) from single- 
dose and fractionated experiments allow us to 
estimate the extent of repair of sublethal radiation 
damage as a function of dose per fraction. In 
Fig. 8 the recovered dose per fraction interval 
(Dx-Di1)/(N-1)* has been plotted against the dose 
per fraction and compared with published values of 
recovered dose per fraction for mouse skin (Fowler 
et al., 1972; Denekamp, 1973; Fowler et al., 1974; 
Denekamp and Harris, 1975; Douglas and Fowler, 
1976). All the dose values for bladder have been 
corrected by an RBE of 0.85 for electrons relative to 
250 kV X rays (Lindop and Rotblat, 1961). 

At low doses repair increments for bladder are only 
slightly higher than published values for skin but at 
higher doses three of the four sets of data indicate a 
much greater repair capacity in bladder than in skin. 
These estimated values for repair are also higher 
than published values for some other slowly dividing 





*Dx-— radiation dose in N fractions; 
Dı = dose in one fraction for equivalent tissue injury. 
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The dose increment needed to counteract repair between 
fractions (Dx —Di1Y/(N —1) as a function of the size of each 
radiation dose. The solid line represents published data for 
skin (see text). The data points and dashed lines illustrate 
repair for bladder measured from the urination-frequency 
dose-response curves (6, ©) illustrated in Fig. | and 2, or 
bladder-capacity (A, A) illustrated in Fig. 5. 


normal tissues. For doses per fraction of 7.5-10 Gy 
the recovered dose in bladder is 6-8 Gy per fraction 
compared with three and four Gy in lung and spinal 
cord respectively (Field et al., 1976; Van der Kogel 
and Barendsen, 1974) and 5-6 Gy in mouse skin 
(Fig. 8). 

Data presented in this paper demonstrate a lack 
of slow repair in the bladder. Repair of sublethal 
radiation injury (complete within 24 h) was however 
extensive. This would imply that, for the bladder, 
the number of fractions is much more important 
than overall time in determining tolerance dose to 
fractionated irradiation. 
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A new technique for radiation shielding in superficial X-ray therapy 
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Lesions within the first few millimetres of the skin, 
such as basal-cell carcinoma, squamous-cell carci- 
noma and keloids, are commonly treated using 
X rays generated between 50 and 150 kV. The size 
and shape of such lesions are seldom identical with 
the applicators of the treatment unit and therefore it 
is necessary to shield uninvolved tissue. 

When the area to be treated is reasonably flat the 
shielding can be readily cut from lead sheet backed 





*Present address: Radiotherapy Department, St. Luke's 
Hospital, Guildford, Surrev. 





with a thin layer of wax to absorb secondary elec- 
trons. However, if the body contour changes rapidly 
near the lesion, for example in some parts of the face, 
this method is not suitable. 

In these circumstances the well-established 
method in use in many hospitals is to make a plaster- 
of-paris cast of the patient's face and beat a 1 or 
2 mm thick lead sheet onto this cast until it fits 
(Fig. 14). The area to be treated is cut out of the lead 
mask and the remainder coated in a suitable lacquer. 
Unfortunately, shaping lead in this way causes a 





A Fic. Í. B 
(a) Plaster of Paris cast (top). Lead mask (bottom). (B) “Darvic” shell (top). Alloy mask (bottom). 


805 


VoL. 54, No. 645 


Technical notes 


Fic. 2. 


Spraying an alloy mask. 


considerable reduction in thickness at points of 


sharp concave curvature, for example the inner 
canthus. This necessitates placing additional lead at 


such points. Furthermore, the whole process of 


shaping the lead face shield is very time-consuming, 
taking some 6-7 hours. To overcome these disad- 
vantages a technique using low-melting-point alloys 
has been devised. 


MATERIAL AND METHODS 

Low-melting-point alloys are in widespread use as 
high-energy shielding blocks for mantle and other 
megavoltage treatments, MCP 70fT is used exten- 
sively at Westminster Hospital for this purpose and 
similar alloys are used in an injection-moulding 
process which involves spraying molten alloy from a 
special heated compressed-air gun, shown in Fig. 2. 

The same technique can be used to spray a plaster 
cast with molten alloy to make a mask. To provide 





t Mining and Chemical Products, 11 Margaret Street, Stone, 
Staffs. ST15 3EQ. 





absorption of secondary electrons, a 0.5 mm thick 
"Darvic"] shell (Fig. 1B) is first vacuum-formed on 
the cast. The alloy is then sprayed onto the shell 
which remains in position on the cast. A fine spray 
should be used to get a good impression and to 
produce a small grain structure as the allov thickness 
is built up to between 2 and 3 mm. This results in a 
smooth homogenous mask (Fig. 1B). It is important 
to avoid a coarse, grainy structure as this can give rise 
to small perforations, particularly around areas of 
sharp convex curvature. 

The final thickness depends on the X-ray energy, 
the need to ensure adequate coverage at points of 
sharp curvature, and the need to keep weight to a 
reasonable level. The practical minimum thickness 
required for adequate strength and coverage is about 
2 mm. Extra thickness can be built up locally 
wherever necessary. The Darvic shell gives addi- 
tional strength, allows the mask to be lifted without 
damage and provides a comfortable, hygienic surface 
for contact with the patient. 

The area to be treated is then cut out of the alloy 
mask and Darvic shell. This is conveniently. and 
accurately done by first placing the transparent shell 
only on the patient's face and drawing on it the 
outline of the area to be treated with a sharp wax 
pencil. The outline is easily transferred to the alloy 
mask. Figure 3 shows a mask in use. 


RESULTS 

A number of alloys of varying lead content and 
melting-point are available from Mining and 
Chemical Products. Those listed in Table I were 
tested in the form of flat sprayed sheets at 75, 150 
and 250 kV. The transmission curves obtained, 
together with those measured for lead, were used to 
derive the tenth-value-layers and “MCP equiva- 
lents" given in Table I. Sample densities were found 
by weighing and displacement, both for the flat 
sheets and samples taken from actual masks. The 
spraying process produces no significant reduction in 
density compared with the cast alloy. 

The effectiveness of the shielding was confirmed 
by irradiating several casts complete with MCP 70 
masks and using Lif dosimeters (3.2 x 3.2 x 0.9 mm 
chips) to measure the transmitted dose at various 
points. Maximum transmission at 250 kV was found 
to be about 10^., of the incident dose. 


DISCUSSION 
The technique of spraying masks for superficial 
X-ray therapy produces a perfectly fitting shield 
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TABLE I 
PROPERTIES OF LOW-MELTING-POINT ALLOYS 





























| 
| Tenth-value-layer (mm) “MCP equivalent''* 
M.P Densityt -— — —-— 
Alloy | Composition | (°C) (gm/cm?) 75kV IS0kV | 250kV 75kV IS0kV | 250kV | 
MCP 69 | Bi/Pb/Sn/Cd 69 9.7 | 0.2 0.7 1.9 1.1 1.3 1.5 
| MCP 70 | Bi/Pb/Sn/Cd 70 | 9 67 0.3 0.8 2.0 1.3 1.6 1.6 
MCP 124 Bi/ Pb 124 10.7. 0.3 0.7 1.7 1.3 1.3 1.3 
| MCP 137 Bi/Sn 138 | 8.58 0.2 0.9 2.8 1.4 1.7 2.1 
Lead | Pb | 327 11.3 0.2 0.5 1.3 


*The term “MCP equivalent” indicates the thickness of alloy (mm) equivalent to 1 mm lead. 
t Manufacturer's values for cast alloy. 

Note: The X-ray beams had the following characteristics: 

75 kV, 20mA, 2 mm Al inherent filtration, 2.03 mm AI HVL 

150 kV 20 mA, 0.5 mm Cu added filtration, 0,76 mm Cu HV L. 

250 kV, 15 mA, 0.4 mm Thoracus filter, 3.04 mm Cu HVL. 


method is effective and quick, taking about one hour. 
It is cheap in terms of materials, because the mask is 
recycled once treatment is finished, and particularly 
so if the alloy is already in use for megavoltage 
shielding. 

It can be seen from Table I that the tin content of 
MCP 137 (K-edge— 30 keV) has an effect at 75 kV 
but the two lead allovs, MCP 70 and MCP 124, are 
more effective over the whole energy range. MCP 
124 affords slightly better shielding and more uni- 
form properties. However, MCP 70 was chosen for 
spraying masks since it was already in use at West- 
minster Hospital for megavoltage shielding. The 
very recently introduced MCP 69 affords virtually 
identical shielding but is slightly cheaper and has 
superior properties for casting. 

The spray gun and spraying booth, essential to 
protect the operator from dust and to reclaim waste, 
are expensive items but will perform other useful 
functions in a large workshop. 
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Fic. 3. 


Example of an alloy mask in use 


(Fig. 3). This means that the exact area marked up 
for treatment is being treated every time. The 


Products gave invaluable advice and demonstrations on 
spraying technique and provided the flat sheets for testing. 
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A transportable gamma camera service: initial technical results 
By M. A. Smith, B.Sc., M.Sc., Ph.D., M. V. Merrick, M.A., B.M., F.R.C.R., V. F. Storjohann, D.C.R. 


and A. J. Wong, B.Sc. 


Departments of Medical Physics and Medical Engineering and Medical Radioisotopes, 


Western General Hospital, Edinburgh 
( Received December 1980 and in revised form April 198 1) 


The relatively high cost of nuclear-medicine equip- 
ment has produced a situation in which a service 1s 
provided centrally, patients being transferred from 
smaller or outlying hospitals. The disadvantages of 
inter-hospital transfer of the ill patient, the inability 
to perform investigations on those too ill to travel, 
and the man-hours involved escorting patients, 
prompted this study to assess both the technical 
feasibility and the possible clinical advantages of 
providing a transportable nuclear-medicine service. 
This paper is concerned solely with technical aspects 
of the project, concentrating on its initial design and 
the results obtained in the first six months. 

At the planning stage in 1977 a choice had to be 
made between transporting a mobile gamma camera 
which could be off-loaded from a small van and 
driven into the hospital, or a static gamma camera 
permanently positioned in a large van, similar to the 
mass X-ray service or mobile whole-body counter 
(Boddy, 1967). The former approach was adopted 
for the following reasons: the quality of images from 
a mobile gamma camera was as good as that of 
images from a static camera, the transporting vehicle 
would be much cheaper, the driver would not require 
an HGV licence and finally the patients would not 
have to be brought outside the hospital. 


EQUIPMENT 
Mobile gamma camera 

A camera with on-board processing was con- 
sidered essential if an adequate service was to be 
provided. At the time only two were on the market in 
this country. The Elscint Dymax MB was chosen 
mainly because of its superior manoeuvrability, its 
larger field of view and its ease of operation. 

The Dymax-MB has a 30 cm field of view camera 
mounted on a chassis with a modified Dycomette 
data processor using a Nova 3/4 minicomputer and 
was designed for use within a hospital. Many of the 
display features are “hard-wired” and the data and 
programmes are stored on floppy discs. The mobile 
camera is driven and steered by a fifth wheel 
centrally positioned at the rear. There are three 
forward speeds and three reverse (max. 4 m.p.h.). 
Safety cut-outs are operated by the front and rear 


bumpers and steering column. The latter also works 
on a “dead man’s handle" principle. The total cost 
of the mobile gamma camera was £81658. 

To protect the Nal crystal against thermal shock, 
a removable insulating “cosy”? was made from 1.2 
cm thick high-density foam which completely 
surrounded the head. Two resistance thermometers 
were connected to a chart recorder which was 
attached to the mobile gamma camera and powered 
from its batteries. One measured the ambient 
temperature on the camera yoke and the other the 
temperature inside the "cosy" adjacent to the 
collimator. Thus the precautions taken against 
thermal shock to the crystal could be evaluated. A 
plastic cover was specially made to fit completely 
over the mobile camera to protect it from rain when 
out of doors. The only modification made to the 
mobile camera was the removal of 45 kg of lead from 
over the drive wheel. This did not impair the 
performance of the mobile, except when driving over 
very rough ground, and reduced the weight to 
approximately 1040 kg. 


Transporting vehicle 

A specially designed body was built on a 1750 kg 
(35 cwt) Bedford chassis fitted with unmodified 
heavy-duty suspension, this being the smallest that 
could carry the necessary weight. For loading and 
unloading two methods were considered ; a hydraulic 
tail lift or a ramp and winch system. The former 
appeared the most desirable method for both speed 
and ease of operation but had to be rejected on 
grounds of cost. The mobile camera could only be 
supported by a conventional tail lift on a large van, 
or by a more expensive non-standard tail lift with 
hydraulic jacks on all four corners on a small van. 

The ramp and winch system used to load and 
unload the mobile camera is shown in Figs. 1 and 2. 
When describing the system, "front" refers to the 
direction towards the driver's cab. The mobile 
camera had a transverse wheel base of 0.61 m and a 
ground clearance of 7.5 cm. It is initially driven on to 
a steel trolley with a transverse wheel base of 1.08 m, 
the rear wheels of which pivot vertically so that the 
rear edge can rest on the ground. Once on the trolley, 
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Fic. 1. 
Diagram showing interior of the van with mobile camera loaded. 


brackets are placed in the ends of the box section of 
the mobile camera's chassis, one in each corner, and 
bolted to the floor of the trolley. A hand operated 
hydraulic jack 1s then used to raise the rear of the 
trolley until it is horizontal, when steel pins are 
inserted to fix the rear wheels into position. An 8 mm 
diameter steel cable is attached from the winch to the 
front of the trolley. 

A 12 V d.c. electric winch with 3600 kg (8000 Ib) 
capacity is operated by a switch at the rear of the van. 
It is powered by the van's batteries, but the van's 
engine must be running during loading. The trolley 
is pulled up the ramps and into the van, the floor of 
which is slanted to reduce the angle between the 
floor and ramps at the rear of the van. This could not 
be achieved by increasing the length of the ramps 
because they have to fit inside the van to be tran- 
sported. Once fully winched into the van the trolley 
is secured at the front on both sides and in the 
centre at the rear. The camera is thus transported 
securely bolted to the trolley which is in turn secured 
to the floor of the van. 

During loading and unloading, stabilizers are 
attached to the rear of the van to give support just 
before the rear suspension is fully loaded. Like the 
ramps, these too are removed and stored inside the 
van. The time taken from the mobile camera being 
driven out of the hospital until the rear doors of the 
van are closed is about five minutes when two 
operators are present. 


The van is fitted. with an air-conditioner unit 
which operates via its engine, and 75 mm of poly- 
styrene insulation fitted around the body. Such 
precautions were felt imperative to protect the 
crystal against the more inhospitable elements of a 
Scottish winter. As an added precaution against 
collision with other motor vehicles, the van was 
painted bright yellow. The total cost of the van plus 
all the modifications was £11990. 


TRANSPORTABLE MOBILE GAMMA CAMERA SERVICE 
Organization 

The mobile camera was delivered at the end of 
March 1979 but the van was not ready until January 
1980. During this time, however, the two members 
of staff employed with the project, a superintendent 
radiographer and a medical physics technician grade 
III, became familiar with all aspects of the camera 
and processor whilst it was in use in the central 
department at the Western General Hospital. The 
service started in January 1980 with visits to five 
hospitals in the locality, each for one day per week 
(Fig. 3). À route was chosen to minimize the distance 
travelled by the camera which is left overnight in 
three of the hospitals, the van returning every day to 
the central hospital. 

The radioisotopes for the patients who have been 
booked plus additional 99Tc™MAA are taken each 
day in the van to the hospital visited. The rooms in 
which the mobile is used in each of the five hospitals 


809 


VoL. 54, No. 645 


Technical notes 


vary in size from 5 m? to 22.5 m?. In the case of the 


smallest room, the camera head protrudes through 


the entrance and the patient is positioned outside the 


door. All studies. both static and dynamic, are 
















recorded on floppy disc but are processed before 
leaving the hospital. The processed scans are 
returned to the central hospital at the end of the dav 
and are reported by the nuclear-medicine consultant 
with reference to the original data on disc when 
necessary. All radioactive waste ts also returned each 


day to the central hospital. 


Initial experience 

During the first six months of the service, from 
January to October, the mobile camera travelled over 
3700 km (2300 miles) and was loaded or unloaded 
more than 210 times in all weather conditions. 

The main concern was whether the Nal crystal 
could withstand the temperature gradients to which 
the mobile would be exposed. ‘The camera was never 
taken out of a hospital without a collimator in posi- 
tion and the insulating cosv surrounding the head. 





SSF 576V 


Fic. 2. 


Three stages during the loading of the mobile camera 


(a) Rear of trolley rests on ground so that mobile camera can be driven on 


(b) Mobile camera on the trolley Is wine hed into van. 


(c) Trolley clamped in position, ramps, stabilizers and isotopes loaded either side, 
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The temperature was monitored as described pre- 
viously during the critical period from mid-January 
to the beginning of April. The results are shown in 
Fig. 4. The average time for each journey was just 
over one hour and the temperature gradient inside 


the cosy never exceeded the manufacturer's maxi- 
mum of 5"C/h. The average maximum temperature 
difference between the two thermometers on any one 
day was 9.4^C with a maximum of 16°C. 

The integral uniformity was measured daily once 
the mobile camera was in the peripheral hospital 
(Fig. 5). A 3 cm square (10% field of view) was used 
so that comparisons could be made with the manu- 
facturer's specifications. The average integral uni- 
formity was +7.79% 


1.42. As can be seen, the uniformity remained 
reasonably constant and did not deteriorate. Quali- 


b THE BORDERS 
i; 
“i 
p. 
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Fic. 3. 


Route travelled by mobile camera. Monday morning from 
the Western General Hospital (WGH) to the Victoria 
Hospital, Kirkcaldy (VHK), then in the late afternoon to 
Milesmark Hospital (MMH) Dunfermline. Tuesday after- 
noon from MMH to Bangour General Hospital (BGH). 
Wednesday afternoon from BGH back to the WGH. 
Thursday morning from WGH to Peel General Hospital 
(PGH), Galashiels, then in the afternoon to the Eastern 
General Hospital (EGH). dod afternoon back to the 
WGH. 
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with a standard deviation of 





tative assessment of the resolution using an Anger 
phantom and quantitative measurements of the 
sensitivity using a small circular phantom (HPA 
report, 1978) showed that neither characteristic 
changed significantly. 

During the firstgsix months the service had to be 
suspended for a variety of reasons. Six days were lost 
solely due to faults developing on the mobile camera 
and two days because the battery had not been 
charged overnight. The provision of a technician 
working with the mobile camera enabled many 
minor faults which developed whilst at a peripheral 
hospital to be repaired immediately. Only one day 
was lost because of bad weather. Modifications to the 
van caused the greatest interruption in the service. It 
was found that the loaded van exceeded its plated 
weight (3.56 tonnes) by about 100 kg and so had to 
be modified to bring the loaded weight down to 3.33 
tonnes. Other days were lost due to improvements 
made to the mobile camera by Elscint and to staff 
holidays. 


Number of 
journeys 


18 
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Fic. 4. 


Histograms of temperature differences (max-min) adjacent 

to the collimator (internal) and on the camera yoke (external) 

during first three months of 1980. Data from approximately 
77 hours of recording whilst the camera was in transit. 
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Variations in daily integral uniformity measurements. (a) 

Uniformity adjusted by technician. (b) Uniformity following 

a service visit. (c) Single operator only so daily measurements 
suspended. 


The possibility of the service being provided by a 
single operator was investigated over a two week 
period. Although it is possible for a single person to 
load and unload the camera, it is heavy work and 
impractical in bad weather. The strain and responsi- 
bility of loading and unloading the mobile camera, 
driving the van plus performing the patient scans 
were found to be unacceptable for one person. 

The revenue cost of the service for the first six 
months of this financial year was as follows: £6475 
for staff salaries, running the van and incidentals, 
and £3450 for the camera maintenance contract 


CONCLUSIONS 
The initial results from this study demonstrate 
that a routine transportable gamma-camera service 
can be provided. The ability of a mobile camera to 


withstand both the mechanical and thermal shocks 
whilst travelling distances of up to 130km (80 miles) 
per day in most weather conditions has been shown. 
We disagree with some of the conclusions regarding 
the thermal protection of the camera contained in a 
previous study (Elliot et al, 1979). The cost of 
insulating the head is minimal and should be borne; 
the desirability of air conditioning is partly depen- 
dent on the distances to be travelled. However it 
could prove a reasonable precaution even on short 
journeys in the event of a breakdown. Heating would 
be much cheaper, but we were unable to find any 
heating system with adequate safeguards against 
overheating. 

The method of loading and transporting the 
mobile camera works successfully, but has two 
disadvantages. Firstly, to provide a service the allo- 
cation of a third member of staff is necessary to 
cover for holidays and illness. Secondly the van is a 
limited investment. Had more money been spent 
initially on a larger van with a tail lift, one person 
could easily have loaded and unloaded the camera 
eliminating the need for a third member of staff. If 
such a van were used, care should be taken to ensure 
that the loaded weight does not exceed that for which 
a HGV licence is required. 
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Retroperitoneal angiomatous lymphoid hamartoma demonstrated by 


ultrasound 


By S. Hamilton, B.A., D.M.R.D., F.R.C.R. and D. Mclnerney, M.D., M.R.C.P., F.R.C.R. 


Department of Radiology, Meath Hospital, Dublin 8 


( Received November 1980 and in revised form January 1981) 


Angiomatous lymphoid  hamartomata are rare 
tumours occurring occasionally in the abdomen. 
Conventional radiological investigations are incon- 
clusive and diagnosis has usually been made on 
examination of the excised specimen. The ultrasound 
appearances which have not been previously re- 
ported are described here. 


Case REPORT 


A woman aged twentyfour had complained for two 
months of a swelling in the right side of her abdomen. This 
became tender during menstruation. She was otherwise 
asymptomatic. 

A large, smooth, firm, mobile mass was palpated in the 
right flank. Routine pathological tests of blood and urine 





ve 
- 
 — —— 
Fic. 1. 
Intravenous urogram showing obstruction of right upper 
ureter, 


were normal, At urography, obstruction of the upper third 
of the right ureter by a large soft tissue mass in the right 
flank was shown (Fig. 1). 

Barium studies showed a normal small bowel and upward 
and lateral displacement of the right side of the colon by an 
extrinsic mass (Fig. 2). Selective superior mesenteric angio- 
graphy showed displacement of adjacent normal vessels and 
that the mass was virtually avascular with only a few small 
vessels supplying it (Fig. 3). Ultrasound was performed with 
a commercially available grey-scale B-mode scanner using 
2 mHz and 4 mHz focussed transducers. This showed a 
well-defined mass, 17 cm in maximum diameter, lying 
antero-inferior to the right kidney and adjacent to the 
inferior surface of the liver. The mass was chiefly echogenic 
but contained round anechoic areas with distal echo en- 
hancement consistent with cysts (Figs. 4 and 5). A gall- 
bladder calculus was present. No other abnormality was 
shown on scanning. 





Fic. 2. 


Barium follow-through showing upward displacement of 
hepatic flexure and transverse colon by the mass. 
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ic. 5. 


Oblique scan through the right kidney and the mass which 
on this section is chiefly echogenic but with a few anechoic 
loculi. 





Fic. 3. 


Superior mesenteric arteriogram showing displacement of 
the middle colic artery around the relatively avascular mass. 





Fic. 6. 


section. of specimen which is multilobular and contains 
numerous loculi of varying size. 





Fic. 4. 


Longitudinal scan 6 cm from midline showing a well- below the right kidney and was excised. Macroscopically, 

defined mass inferior to the liver and gall bladder and numerous loculi, some filled with brown-coloured fluid and 

antero-inferior to the right kidney. The mass contains both some with solid material were noted (Fig. 6). Microscopic- 

echogenic areas and anechoic rounded structures with allv, this was a benign lesion. Large and small ramifving 

posterior echo enhancement consistent with cysts. vascular channels with a flattened endothelial lining and 

external smooth muscle sheaths of variable completeness 

were present. The interstitial areas contained adipose tissue 

At laparotomy, a lobulated dark-red retroperitoneal mass, and lymphoid aggregates. The appearances were those of an 
measuring 17 cm x 12 cm x 6 cm was found in front of and — angiomatous lymphoid hamartoma (Fig. 7). 
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Microscopic section. showing lymphatic channels with 
lymphoid tissue (L), adipose tissue and smooth muscle 
(arrowed) in the walls. 


DISCUSSION 

Angiomatous lymphoid hamartoma is a benign 
lesion and is considered to represent either an 
unusual lymphatic hyperplastic reaction to inflam- 
mation or a lymphatic harmartoma (Tung and 
McCormack, 1967). It occurs most frequently in the 
thorax, but also in the abdomen and pelvis (Bain- 
bridge, 1976). It presents in early adult life as a mass. 
The tumour possesses a capsule and is characterised 





by the presence of lymphoid follicles and a stroma 
containing vascular channels. Surgical excision is 
curative. 

Previous radiographic findings have included a 
soft tissue mass, calcification and extrinsic effects on 
the kidney and ureter. A vascular capsule has been 
demonstrated at angiography (Tung and McCor- 
mack, 1976; Bainbridge, 1976). Pre-operative diag- 
nosis has not been made due to the lack of character- 
istic radiographic features. In this case ultrasound 
demonstrated the retroperitoneal position of the 
mass and adjacent structures. It showed multiple 
loculi of differing echodensity corresponding to the 
macroscopic findings. 

Retroperitoneal masses have few distinctive 
features on clinical examination or standard radio- 
logical investigations. The contribution of ultrasound 
in the diagnosis of retroperitoneal masses is that by 
showing the internal structure of these lesions, it 
enables some differentiation to be made. It also 
shows relationships to renal and other retroperitoneal 
structures. In retroperitoneal sarcoma ultrasound 
shows a solid lesion with a relatively more echodense 
central area and no cystic areas (Karp et al., 1980), 
findings which are quite different from the case 
described here. 
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Ultrasound diagnosis of hydrops fetalis due to fetal tachycardia 
By |. M. Shirley, M.B., Ch.B., D.Obst.R.C.O.G., B. A. Richards, M.B., B.S. and 


R. H. T. Ward, M.A., M.B., B.Chir., M.R.C.O.G. 


Departments of Ultrasound and Obstetrics, University College Hospital, London 


(Received February 1981) 


Fetal congestive heart failure due to intra-uterine 
tachycardia with or without arrhythmia is an unusual 
cause of hydrops fetalis in the newborn (Silber and 
Durnin, 1969; Van der Horst, 1970; Etches and 
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Lemons, 1979.) With the increasing use of ultra- 
sound, cases are now being diagnosed during 
pregnancy (Kerenyi et al., 1980; Rees et al., 1980). 
We report two further such cases diagnosed rn utero. 
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CASE REPORTS 
Case I 

A 32-year-old gravida 3, para 1 had an uneventful 
pregnancy until 34 weeks gestational age, when the uterus 
was found to be large for dates. The ultrasound scan 
demonstrated a single live fetus. ‘The bi-parietal diameter 
(BPD) was 96.3 mm (mean for 38 weeks), and the abdominal 
circumference (AC) obtained at the level of the liver was 
375 mm (360 mm is the mean for term) and there was 
obvious ascites (Fig. 1). Six davs later the AC was 390 mm 
and there was considerable scalp oedema (Fig. 2). The fetal 
heart rate was normal and no other fetal abnormalitv was 
apparent. The mother's blood group was A Rhesus negative, 
but no abnormal antibodies were present in her serum. A 
diagnosis of fetal hvdrops of unknown aetiology was made, 
and a male infant weighing 3760 g with hepatomegaly and 
ascites was delivered forthwith by 


Caesarean section, 


Although the tetal heart rate was normal at birth, episodes of 





Fic. 1. 


Scan showing transverse section of fetal abdomen at level of 


umbilical vein. L — fetal liver, A=ascites, P = placenta. 





Fic. 2. 


Section of fetal head showing double line of scalp oedema (S), 


H — head, P 


placenta. 


regular tachycardia were subsequently noted and treated 
with digoxin. There was no clinical or echocardiographic 
evidence of structural cardiac defect, and the infant has 
subsequently made good progress. 


C'ase 2 

A 37-vear-old primigravida with a historv of infertilitv for 
16 years was first seen at approximately 12 weeks gestation. 
She declined ultrasound examination, maternal serum 
alphatetoprotein (AFP) estimation and amniocentesis to 
exclude Down's syndrome in the fetus. Later she agreed to 
an ultrasound scan, which confirmed the gestational age as 
25 weeks (BPD of 67.3 mm and AC of 220 mm) and revealed 
fetal tachycardia. At 29 weeks the patient was admitted 
following the sudden onset of oedema of the legs and 
abdominal wall and an increase in abdominal girth, thought 
to be due to polyhydramnios. Her blood pressure and 
urinalysis were normal, and no abnormal antibodies were 
present in her serum. Ultrasound demonstrated hydrops 
fetalis, considerable scalp oedema and an abnormally thick 
anterior placenta (Fig. 3). The BPD was 73 mm (mean for 
27-28 weeks) and the AC 350 mm (mean for 39 weeks). The 
fetal heart rate was rapid, irregular and uncountable. The 
fetal liver and kidneys appeared normal. Polyhydramnios 
was not confirmed. 

Based on our experience of Case 1, a diagnosis of hvdrops 
due to fetal failure associated with 
tachyarrhythmia was made. An intra-uterine electrocardio- 
gram (ECG) and more detailed ultrasound of cardiac 
structures (Professor 5S. Campbell) revealed no cardiac 
abnormalities. Amniocentesis showed a normal amniotic 
fluid AFP but an immature lecithin sphingomyelin ratio, 
which is associated with a high incidence of respirators 
distress syndrome. Since the fetus was so premature, intra- 
uterine therapy had to be considered. The maternal ECG 
and serum electrolytes being normal, the mother was given 
digoxin 0.25 mg six-hourly for 24 h and thereafter 0.25 mg 
12-hourly. The fetal heart rate and AC decreased to 160/min 
and 300 mm respectively over 72 h. At 30 weeks labour 
started spontaneously and caesarean section was performed. 
The grossly oedematous male infant weighed 3350 g and 
showed considerable generalized oedema. During resuscita- 
tion 400 ml of ascitic fluid were aspirated. The placenta 
weighed 1440 g. ECG showed supraventricular tachycardia 
(with a 2:1 block and rates up to 440/min) which was suc- 
cessfully controlled at between 130 and 150 beats/min with 


congestive cardiac 





Fig. 3. 


Longitudinal section of fetus showing massive ascites and a 


thick placenta. A= ascites, H — head, P= placenta, 
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digoxin therapy. Progress was satisfactory until the fourth 
day when unexplained circulatory failure occurred and sup- 
portive therapy was discontinued. The body weight at 
post-mortem was 1535 g. No cardiac or other abnormality 
was noted, but there was antemortem thrombus in the left 
atrium, left ventricle and ascending aorta. 


DISCUSSION 

The ultrasound diagnosis of fetal hydrops depends 
on the demonstration of fetal ascites (Figs. 1 and 3), 
a larger abdominal circumference than normal for 
dates and subcutaneous and scalp oedema, some- 
times with polyhydramnios and placental enlarge- 
ment, 

In neither of these cases was fetal ascites suspected 
prior to ultrasound examination. Subsequent man- 
agement was influenced by the serial measurements 
of the AC and fetal heart rate, an assessment which 
may be more accurate than cardiotocography (Rees 
et al., 1980). In the first case, the oedema increased, 
whereas in the second case, despite an inadequate (in 
retrospect) maintenance dose of digoxin, the fetal 
cardiac failure improved. The finding of fetal 


Triple gall bladder 
By D. R. Foster, D.M.R.D., F.R.C.R. 


tachycardia at ultrasound examination should raise 
the possibility of incipient fetal cardiac failure, as 
carly therapy in utero can now be safely considered 
before premature delivery (Kerenyi et al., 1980), 
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Triple gall bladder is a rare congenital anomaly. It 
was first reported separately in 1958 by Boni and by 
Skielboe. Since then only four further cases have 
appeared in the literature. An additional case 
demonstrated on routine oral cholecystography is 
described, together with a review of the literature, 


Case REPORI 

A 46-vear-old male complaining of right hypochondrial 
pain was investigated by oral cholecvstography. Physical 
examination was unremarkable. 

A cholecystogram with tomography (Fig. 1) demonstrated 
three separate gall bladders. There were calculi present in 
one of the gall bladders which drained directly into the 
common duct, via a single cystic duct. The cystic ducts of 
the other two gall bladders fused prior to insertion into the 
common bile duct. 


DISCUSSION 
There are three tvpes of triple gall bladder, 
depending on the number of cystic ducts and their 
insertion into the common bile duct (Fig. 2). 





Fic. 1. 


Tomogram (after fatty meal study) demonstrating triple 
gall bladder; one contains calculi. 
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(a) Three cystic ducts form one common cystic duct 
before entering the common duct. 

(b) Two cystic ducts join before entering the com- 
mon duct whilst the third cystic duct joins the 
common duct separately. 

(c) All three cystic ducts empty separately into the 
common duct. 


Boyden (1926) presented the classic study of 


double and triple gall bladders. He studied 10,000 
domestic animals, recording 456 duplications and 20 
triplications of the gall bladder. He also reported a 
cadaver series of 9,220 and a radiographic series of 
9,770 in man. There were two cadaveric and three 
radiographic cases of duplication but no case of 
triple gall bladder. Embryologically, he postulated 
that multiple gall bladders represented an outgrowth 
of a secondary vesicle from some other portion of the 
biliary duct svstem subsequent to the formation of 
the definitive gall bladder. In the human embryo, 
small cellular outpouchings called rudimentary bile 
duct buds occur at the junction of the hepatic ducts. 
'These duct buds usually regress and disappear but if 
they persist, they may represent the aetiology of 
double or triple gall bladder. 

In 1958 Skielboe and Boni each described triple 
gall bladders. In both cases three cystic ducts 
entered the common duct separately. Skielboe's case 
was demonstrated on cholecystography, although the 
presence of the third gall bladder was only recognised 
retrospectively, following surgery. All three gall 
bladders contained calculi. 


In 1959 Kelley and Hause both reported triple 
gall bladders diagnosed radiologically and patho- 
logically respectively. Carls (1963) described a case 
identical to the present one, with three separate 
cystic ducts, two of which joined before entering the 
common duct. 

Ross and Sachs (1968) noted that in their case 
intravenous cholangiography and tomography aided 
definition of the gall bladders and duct systems. It is 
interesting to observe that, except for this case, at 
least one of the three gall bladders has always con- 
tained calculi. 
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Anatomical variations of triple gall bladder. 


8158 


1981, British Journal of Radiology, 54, 819 


Correspondence 


SEPTEMBER 198] 


(The Editors do not hold themselves responsible for opinions expressed by correspondents) 


Léri's pleonosteosis 





‘THe Eprror—Sir, 

Since the submission of our paper, a study of a kindred 
with Léri’s pleonosteosis has been published (Hilton and 
Wentzel, 1980) and we have had a further opportunity to 
review Case 7. 

Shortening and broadening of the metacarpals, metatar- 
sals and phalanges with flexion deformities were confirmed 
as important features in young patients. In addition a relative 
decrease in AP diameter of the vertebral bodies of L2 and L3 
was seen in an eight year old boy. Our Case 1 has shown 
some developmental arrest and also shows now mild hypo- 
plasia of the body of L.1. 

It is interesting to speculate that these cases are in reality 
mild mucolipidoses without the more usual severe osseous 
changes of mucolipidosis IHI and the less severe manifest- 
ations would be very consistent with a dominant rather than 
a recessive inheritance in some reported cases. Further fibro- 
blast studies would be interesting. 

Yours etc., 
| D. G. Suaw. 
Queen Elizabeth Hospital for Children, 
Hackney Road, 
London E2 8PS. 
(Received Tune 1981) 
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Ultrasound in hepatoma 


"THe Epiror—Sir, 

Dubbins et al. (1981) state that the echo pattern provides 
httle help in the differentiation of primary from secondary 
carcinoma, Their finding of an echo-free pattern in 47% of 
cases is at variance with the findings of Boultbee (1979) who 
described echogenic lesions in 6794 of cases and mixed 
lesions in 2795. 

My own experience (Calder et al., 1980; De Cock and 
Calder, 1981) of ultrasound in 18 Kenyan Africans with 
subsequently proven hepatoma showed that all of these 
tumours contained at least some echogenic areas. I agree with 
Boultbee that, in African patients, the ultrasonic demonstra- 
tion of a large irregular echogenic space-occupying lesion 
with irregular margins indicates the possibility of hepato- 
cellular carcinoma. | should be reluctant to diagnose hepa- 
toma in an African patient in the absence of at least some 
strong echoes within a hepatic mass. This apparent differ- 
ence in echo characteristics between African and European 
patients might be explained, at least in part, by the generally 
late presentation and advanced state of the disease in the 
former. 

Yours, etc., 
J. F. CALDER. 
Department ot Diagnostic Radiology, 
Aberdeen Royal Infirmary, 
Foresterhill, 
Aberdeen AB9 2ZB. 
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Mullard 4 MV linear accelerator at Newcastle upon 
Tyne 


THE Eptror—Sir, 

Some of your readers may be interested to know that the 
Mullard 4 MV linear accelerator installed at Newcastle 
General Hospital in 1953 has now been withdrawn from 
service. The machine was among the very first linear 
accelerators to be designed specifically for clinical radio- 
therapy and it represented a major step forward in high- 
energy technique, owing much to the foresight of Mr, C. J. 


+L. Thurgar, director of radiotherapy and Dr. F. T. Farmer, 


who was in charge of the physics team. As well as having the 
well-known physical advantages of high particle energy, the 
accelerator produced dose-rates high enough to enable large 
numbers of patients to be treated. Moreover, the accelerator 
was gantry-mounted with fully isocentric movements, 
closely following the ideas of Howard-Flanders and New- 
bery (1950), although it was not until several vears later that 
the term "'isocentre" was coined by Boland. 

Commissioning of the accelerator commenced on site on 
August 8, 1953, when the output at 1 m was estimated as 120 
rimin, based on measurements made using condenser- 
chambers calibrated with a standard radium source. The 
field-flatness checks were completed in September and a 
quadrant chamber to monitor the polar diagram was in- 
stalled in October. The first depth-dose curve was measured 
in November—the percentage depth-dose for a 10: 10 cm 
field was 6195 at 10 cm depth. Systematic depth-dose 
measurements, including the build-up region, occupied most 
of December. A number of improvements giving increased 
and more stable output (200—250 r/min) and larger field size 
were later introduced, though the basic design remained 
unaltered (Day and Farmer, 1958). 

The first treatment was carried out on December 3, 1953 
and the last treatment was completed on May 22, 1981. The 
statistics of clinical usage indicate that altogether 18272 
courses of treatment were given, involving 297 852 attendan- 
ces of patients and the application of well over 600000 
separate treatment fields. 

We felt it would be useful to record these basic facts as a 
footnote to the history of high-energy radiotherapy. 

Yours, etc., 
W. M. Ross, 
M. J. Dav. 
Newcastle General Hospital, 
Newcastle upon Tyne NE4 6BE. 
(Received Tune 1987) 
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X-ray tube lifetime and image quality in computed 
tomography 


THe Eprron—Sin, 

In a recent communication Shrimpton and Dewhirst 
(1981) rightly imply that an effective method of reducing 
CT scanner "down time" during installation of X-ray tubes 
is to minimize the frequency with which tubes are renewed. 
‘They further assert that it is cost-effective to extract the 
maximum possible lifetime from an X-ray tube. 'The truth 
of this statement appears self-evident only if no account is 
taken of the financial method of charging for replacement 
tubes adopted by EMI Medical, and continued by IGENY, 
to which most users in the United Kingdom are subject. 
This involves levying a standard price for a new tube 
"guaranteed" to yield 500 hours! use. However, the price is 
reduced by a pro-rata rebate for hours less than 500 actually 
obtained from the previous tube. Thus, no financial benefit 
accrues to the purchaser by prolonging tube use until after 
500 hours has been achieved. Since Dewhirst and Shrimpton 
quote the figure of 300 hours average tube life for an EMI 
CT1010 head scanner, and a similar figure applies to the 
EMI C'T5005 whole body scanner, it is clear that tube life- 
time in excess of 500 hours is the exception rather than the 
rule. 

Hence, within the limit of 500 hours the diagnostic quality 
of the image is the only consideration relevant to a decision 
on tube renewal, save that of avoiding unnecessary down 
time. If image quality is deteriorating and a stage is reached 


at which the user and the tube supplier are agreed on the 


desirability of replacing the X-ray tube, there is no financial 
benefit in delaying. 

Shrimpton and Dewhirst also state that in Leeds, 
^... continued running of the tubes outside the EMI factory 
tolerance has not unduly compromized the diagnostic 
capability of the machine, whilst allowing maximum utiliz- 
ation of the tubes". One inference to be drawn from this is 
that patients are normally subjected to somewhat greater 
radiation exposure than is absolutely necessary——a practice 
of which all users may at times be guilty. If tubes were 
operated with tube current at the minimum level required, 
this only being increased in order to compensate for declin- 
ing output, then not only would less dose be received by the 
patient but in all probability tube lifetime would be further 
prolonged. 


s 


Yours etc., 
C. B. SMITH. 
West of Scotland Health Boards, 
Department of Clinical Physics and Bio-engineering, 
11 West Graham Street, 
Glasgow G4 9LF. 
(Received March 1981) 
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(Authors! reply) 


THe Eprrog—Sin, 

We would like to make the following points in response to 
Dr. Smith's letter. 

1. The main conclusion of our communication was that 
the local operating conditions employed at the Leeds 
General Infirmary appeared to result in X-ray tube lifetimes 
significantly above the apparent national average for C'T1010 
brain scanners. We believe maximum utilization of X-ray 
tubes to be cost-effective under our circumstances. 

2. The replacement of X-ray tubes has continued to be a 


thorny problem since the introduction of the EMI scanner. 
The manufacturer's policy on tube cover has recently under- 
gone a major revision, and other such changes may occur in 
the future, 

3. The minimization of dose to the patient commensurate 
with adequate diagnosis is fundamental to radiation pro- 
tection. Dr. Smith rightly refers to the change in dose which 
occurs with declining output of an aging X-ray tube, some- 
thing of the order of 15%. However, with regard to over- 
exposure of patients, it is worth noting that use of the special 
high-accuracy, high-resolution modes for scanners can re- 
sult in doses which are five times larger than those for normal 
scans (Wall et al., 1979). The clinical justification of all CT 
scans, especially those involving slow scanning speeds, is 
clearly of prime importance for the protection of the patient. 

Yours etc., 
*P. C. SHRIMPTON, 
D. W. Dewuirst. 

The University of Leeds, 
Department of Medical Physics, 
The General Infirmary, 
Leeds LS1 3EX. 
(Received June 1981) 
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Hybrid real time/B scan ultrasonic system 


THE Epiror-—Sir, 

We were interested to read the technical note by Wild et 
al. (1981). We have used a similar system and agree whole- 
heartedly with the majority of their observations. We feel, 
however, that linear array real time systems have a valuable 
role in obstetric scanning. 

The sector scanner is particularly valuable in obstetrics in 
the examination of early pregnancies because the scanning 
action allows the beam to be more or less normal to the 
vagina, cervix and body of the uterus giving excellent images 
and in later pregnancy this type of scanning action is im- 
portant in showing the cervix and lower segment in cases of 
suspected placenta praevia. However, in later pregnancy the 
feld of view is more restricted than that of linear array 
scanners and it is more difficult to be certain of the orient- 
ation of the beam. We have not found the rotating probe 
sector scanner interfaced to our Diasonograph as easy to use 
for cephalometry as the linear array of our ADR fitted with 
Kretz bar calipers and suspect that measurements made with 
it are subject to a greater random error than those made 
using a linear array or a B scan method (Davies, 1980). Work 
is in progress to assess this hypothesis. 

There are two problems with rotating probe scanners for 
cephalometry using dynamic methods. 

1. It is difficult to assess when the beam is normal to the 
mid-line. 

2. It is difficult to know and to control the orientation of 
the probe so that a maximum diameter is measured. 

We feel that dynamic methods are superior to static 
methods of cephalometry and that a linear array real time 
machine with bar calipers is the method of choice for cephal- 
ometry (Davies and Richardson, 1979). 

We entirely agree with Wild et al. (1981) that a hybrid 
scanner as described is desirable, but we think that the ad- 
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dition of a high quality linear array greatly improves the 
diagnostic capabilities of the machine. 
Yours etc., 
R. E. RICHARDSON, 
P. DAVIES, 

Departments of Radiology and Medical Physics, 
City Hospital, 
Hucknall Road, 
Nottingham NG5 1 PB. 
(Recetved April 1981) 
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{Authors reply) 


Tur Eprror——Sir, 
We are pleased to know that the experience of Drs. Davies 
and Richardson with a hybrid system is in general similar to 


our own. Our main concern was with the success of the 
system in upper abdominal work but we should like to com- 
ment on their remarks concerning real time scanning in 
obstetrics. Undoubtedly the sector scanner is superior to the 
linear array in early pregnancies and we have not encoun- 
tered any serious problems with its use in later pregnancy. 
The field of view in later pregnancy need not necessarily be 
limited if the 180° sector option is employed. Indeed we have 
found that it is often difficult to use the full length of a linear 
array when the abdomen is very convex in late pregnancy. 
We would agree that the Kretz bar calipers are easier to 
use than the radial calipers of the sector scanner, but feel 
that the ideal system would incorporate omnidirectional 
calipers. We also feel that dynamic methods of cephalometry 
are superior to B scanning. We have, however, not experi- 
enced any particular difficulty in controlling orientation of 
the sector scan probe but look forward with interest to Dr. 
Davies’s results in assessing comparative errors of sector 
scanners, B scanners, and linear arrays in cephalometry. 
Yours, ete., 
S. R. WILD, 
W. N. McDicken. 
Departments of Radiology, 
and Medical Physics, Western General Hospital 
Royal Infirmary, Edinburgh. 
(Received May 1981) 
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Book review 


Uroradiology. By Thomas Sherwood, Alan J. Davidson and 
Lee B. Tanner, pp. viii--351, 1980 (Blackwell, Oxford, 
London, Edinburgh, Melbourne), £35-00. 

ISBN 0-632-00493-Z, 

"The solution to every radiological problem lies in another 
film". The difficulties inherent in this maxim are how and 
when should the appropriate film be obtained. Nowhere is 
this potentially greater than in the selection of the most 
helpful investigation for the evaluation of urinary-tract 
disease. The modern radiologist has at his disposal an ever- 
increasing variety of techniques, each of which continues to 
develop in sophistication, application and accuracy. Too 
often these methods are viewed as mutually competitive, so 
obscuring their important complementary nature. It has 
also become fashionable to employ too many in rigid investi- 
gation protocols. 

In this new book, Professor Thomas Sherwood has 
successfully produced both a comprehensive and a compre- 
hensible guide through the maze of urinary-tract investi- 
gations which are discussed in terms of their relevance to 
presenting clinical problems. The importance of close 
collaboration between referring clinician and investigating 
radiologist is given proper emphasis. The script is full of 
sound common sense and the clear presentation will enthuse 
the reader as well as inform. The illustrations have been well 
chosen and are, on the whole, beautifully reproduced. The 
references appended to each section have obviously been 
very carefully selected and provide a most satisfactory guide 
to further reading. 

It is impossible to resist the author's invitation to indulge 


in semantic quibbles and assert that medullary sponge kidney 
should be excluded from the general diagnosis of nephro- 
calcinosis from which it is readily distinguished. Similarly 
one might regret the perpetuation of the myth that sarcoi- 
dosis is a cause of nephrocalcinosis based on but two cases in 
the literature. Calcification in the wall of a simple cyst, much 
beloved by American authors, is illustrated but happily the 
author reveals his true feelings by appending the words 
"autopsy proof" to the accompanying legend. Excretion 
urography has been denigrated as inaccurate in the diagnosis 
of renal cell carcinoma. Experience shows that a meticulous 
attention to technique and a careful evaluation of signs will 
with practice achieve an accuracy at least comparable with 
that of ultrasound and CT. This accuracy is of great 
importance in facilitating the selection of further investi- 
gation and in the identification of other causes of super- 
ficially similar lesions. 'T'he time has surely come for the IVU 
to be rediscovered as the most valuable tool in the diagnosis 
of renal masses. 

Enough of this quibbling! 'The presentation of a subject 
with clarity and brevity always affords scope for disagree- 
ment on matters of detail. This book is a significant addition 
to the radiological literature. It stimulates and facilitates 
further study of the subject in depth and enables all that is 
learnt to be placed in perspective. Clearly it must be included 
in the libraries of all teaching units of radiology and urology. 
It will prove invaluable as a bench book in all radiological 
departments, but will, however, pose the perennial problem 
of how to combine its availability with adequate security. 

J. RoyLance. 
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Radiographic systems: what is best? 


Abstracts of papers presented ata meeting held on Wednesday, March 18, 1981 at The Reid-Knox Hall, 


32 Welbeck Street, London W1M 7PG 


Introduction —the nature and purpose of radiological investigations, by J. Roylance. 
The physical basis for characterization of radiographic images, by R. E. Stapleton. 


The influence of focal spot size in image quality, by G. Waters. 


The performance of the image receptor with special reference to film-screen combinations, by B. M. Moores. 
Methods for achievement of minimum doses, by J. H. E. Carmichael. 
Some aspects of radiographic technique: (i) the advantages of air gaps in dose reduction; (11) the influence of inevitable 


patient movement, by G. M. Ardran. 


An assessment of intravenous urography imaging using 100 mm and conventional films, by Elizabeth M. Robertson, B. Baily, 


'Tamarisk M. Hearnden, R. F. Mould and D. H. Trapnell. 


THE NATURE AND PURPOSE OF RADIOLOGICAL 
INVESTIGATIONS 


By J. Roylance. 
Bristol Royal Infirmary, Bristol 


The role of radiology within the wide variety of disciplines 
involved in patient care, and the relative values of the 
increasing number of investigative techniques available for 
patient care were discussed with particular reference to 
diseases of the urinary tract. The concept of the definitive 
diagnostic test was presented and the ways in which the level 
of confidence in a particular diagnosis may be increased were 
illustrated with examples of simple renal cyst and renal cell 
carcinoma. The management role of radiology was also 
reviewed, with emphasis on the determination of the precise 
stage of the disease and the developing application of inter- 
ventional radiology to therapy. 

It was argued that the final assessment of the merits of 
radiographic systems must rest on the benefit which accrues 
to patients. Attention was paid to the conflicting demands 
for simple designs enabling flexible application, and the 
needs of sophisticated equipment for specialized procedures. 
The conflicting factors involved in the production of images 
with consistent high definition and contrast were also of 
great relevance. 

Radiographic systems should be subjected to a simplistic 
cost-benefit analysis. ‘The costs include: 

1. Intrinsic hazards arising from radiation, those asso- 
ciated with the special investigations and the risks of 
inaccurate diagnosis; these can be reduced by suitable 
equipment design, but also require high expertise in both 
radiography and interpretation. 

2. Capital funds required for the purchase of equipment 
and the space required for installation ; these demand simple, 
flexible and durable design. 

3. Revenue which is used for staff, materials and mainten- 
ance; these are influenced by the systems used and the 
patient throughput. 


THE PHYSICAL BASIS FOR CHARACTERIZATION OF 
RADIOGRAPHIC IMAGES 


By R. E. Stapleton 
Ilford Ltd., Brentwood, Middlesex 
Radiographic image quality is characterized by sharpness, 


noise and photographic contrast. Sharpness is measured 
objectively as a Modulation Transfer Function (MTF), but 


this needs to be multiplied by the contrast and by the eve's 
frequency response to obtain the subjective sharpness. 

The MTF of a radiograph depends on the screen, focal 
spot size, magnification, and subject movement. All these 
factors can be expressed in terms of their MTF’s. Optimum 
sharpness is achieved when these are equal. Excess sharp- 
ness in any factor should be "traded off" to improve the 
least sharp component. Magnification can be used to adjust 
the effective screen sharpness with respect to the subject 
plane. 

In fast systems the noise is mainly quantum mottle, 
caused by the random distribution of X-ray photons ampli- 
fied by high conversion efficiency. It is inevitably related to 
the square root of the speed of the film/screen system for a 
given phosphor absorption, but it is modified by the system 
sharpness and also by contrast. Again, magnification can be 
used to reduce the effective noise with respect to the subject. 

'The optimum combination of sharpness and noise varies 
with the size and contrast of the subject detail and with 
viewing conditions, 

Subjects with fine, high-contrast detail may be sharpness- 
limited, and the system is then easily adjusted for optimum 
quality. More generally, the important detail has involved 
both lower frequency and lower contrast and is noise- 
limited-—it is then more difficult to determine the optimum. 
A slow film/screen system used with somewhat unsharp 
geometry may give the best diagnostic quality. 


THE INFLUENCE OF FOCAL SPOT SIZE IN IMAGE QUALITY 
By G. Waters 


Machlett X-ray Tubes (G.B.) Ltd., 
Wemblev, Middlesex 


The imaging quality of the focal spot of an X-ray tube is 
dependent not only on its size; the distribution of the X-ray 
emission within the spot makes a significant contribution to 
the final result. Particularly with the modern rotating anode 
X-ray tube, factors other than the area of the focal spot, e.g. 
rotational speed, target angle, etc., make a substantial con- 
tribution to its electrical power rating and hence its ability to 
freeze motion in the subject under examination. 

It is insufficiently appreciated that focal spots change their 
imaging characteristics with different electrical loadings as a 
result of consequent alterations both in dimensions and 
X-ray emission distribution. From the very nature of the 
"hne focus" there is a unique imaging characteristic for 
every point in the image plane. In these circumstances it can 
be argued that excessive attention is paid to the focal spot 
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characteristic on the central ray and under a limited range of 
electrical loadings. 

There is no simple method of describing or measuring the 
imaging performance of a focal spot, even on the central ray 
or at a particular electrical loading. It is suggested that a 
"hmiting resolution" technique using a star pattern re- 
presents a useful compromise between the determination of 
the complete Modulation Transfer Function, and the uncer- 
tain meaning of the focal spot dimensions as measured with 
a pinhole technique. It must be pointed out that the star 
pattern is not a method of measuring focal spot size. 

Similarly, there is no simple answer to the question “What 
is best?". In selecting an X-ray tube for a particular examina- 
tion, whilst consideration must be given to its imaging 
characteristics, these must be taken in conjunction with the 
geometry and performance of other components in the 
imaging chain, and related to the characteristics of the 
subject being imaged—area, detail size, rate of movement, 
contrast etc. With this information and other imposed con- 
straints it should be possible to effect a compromise that will 
provide an answer to “What is best in the circumstances?” 


THE PERFORMANCE OF THE IMAGE RECEPTOR WITH 
SPECIAL REFERENCE TO FILM-SCREEN COMBINATIONS 


By B. M. Moores 


Regional Department of Medical Physics, 
Christie Hospital, Manchester 


It is estimated that there are over 60 000 tungstate and 8000 
rare-earth based pairs of intensifying screens in use in 
England and Wales. The screens with their associated film 
are produced by 5-10 major manufacturers and there are an 
enormous number of possible film/screen combinations. 

The inability of the user clearly to rationalize the choices 
of systems available is in no small measure due to historical 
categorization of film/screen combinations according to 
speed. This viewpoint arises from two main considerations: 

1, Film/screen speed in isolation from final image quality 
is meaningless. Imaging systems with similar speeds under 
identical radiographic conditions can, and do, have wide 
variations in image quality. 

2. The definition of speed in terms of exposure necessary 
to produce a given film density is tmpractical. It need bear 
no relation to the number of X-ray photons actually contri- 
buting to the final image, particularly when considering the 
wide range of X-ray beam qualities involved in radiological 
practice, 

The structural properties of film/screen combinations 
dictate the final imaging performance, and realistic svstems 
are obviously a compromise between several competing re- 
quirements. It should be possible, however, to categorize 
film/screen combinations according to their imaging per- 
formance and then relate this to the radiation exposure. 
Easily measured and physically useful image quality par- 
ameters are: 

(a) High-contrast limiting resolution, 

(b) Large-area low-contrast detectability at a particular 
film density and under specified radiographic and viewing 
conditions. 

(c) The exposure necessary to produce a given film 
density. 

(d) The contrast detail diagram under specified radio- 
graphic and viewing conditions. 

This type of approach is already being applied to fluoro- 
scopic imaging systems and CT scanners and, if applied to 
radiographic systems, would lead to a coherent framework 
for assessing the dose-efficiency of all radiological imaging 
systems. 


METHODS FOR ACHIEVEMENT OF MINIMUM DOSES 
By J. H. E. Carmichael 


Broadgreen Hospital, Liverpool L14 3LB 


The need for minimum dosage arises from the desire to fulfil 
the aim of radiation protection that every dose should be as 
low as 1s reasonably achievable. In radiography three techni- 
cal factors influence the performance—the film/screen com- 
bination, the processor, and the generator. Film variation 

can be ignored. A decision should be made by every depart- 
ment as to whether rare earth screens are acceptable for 
general usage. If used the cost is covered in three years, as 
the matching film is 6% cheaper, being of lower silver con- 
tent. Processors should be the most reliable piece of ; apparatus 
in the chain, provided test strips exposed on a sensitometer 
are used. 

Generators can be shown to be very variable in output, It 
may be very difficult to achieve comparability between two 
apparently similar generators in a department, causing 
difficulty for staff moving from one to the other. Simple 
testing of the generator output will also show that any one 
generator itself may vary. Acceptable limits of variation were 
suggested—not more than 5 kV difference between weekly 
testing and not more than 5 kV variation from a mean over a 
period of three months. A survey of 21 generators showed 
that only half fell into the limits of acceptability; single- 
phase generators were considerably more reliable than 
three-phase. 

Reject analysis surveys show that when using automatic 
exposure control in radiography, there may still be an un- 
acceptably high rate of rejection from exposure causes-— 
possibly higher than manual control. Use of a phantom in 
mammography will show which technique gives the highest 
information at the lowest radiation dose, taking into account 
the target and the recording medium. In fluoroscopy the 
high doses received during automatic brightness control 
were stressed. Testing with a phantom by physicist or 
engineer will show if an intensifier chain is functioning 
correctly. The relative doses from use of conventional film 
and 100 mm camera depend on the use or otherwise of rare 
earth screens. Finally, the detriment of radiological activities 
in respect of the production of radiation-induced cancer was 
discussed. 


SOME ASPECTS OF RADIOGRAPHIC TECHNIQUE: 
1. THE ADVANTAGES OF AIR GAPS IN DOSE REDUCTION; 
2. THE INFLUENCE OF INEVITABLE PATIENT MOVEMENT 


By G. M. Ardran 


University Department of Radiology, 
Radcliffe Infirmary, Oxford OX2 6HE 


The aim of a radiological examination should be to obtain as 
much information as possible with the minimum expendi- 
ture of time, effort and materials and with the smallest 
practicable radiation dose. 

The use of an air gap instead of an anti-scatter grid will 
reduce the patient dose by factors of two to five. Air gaps 
have been used for the chest, cervical spine, surveys for 
scoliosis, lateral pelvimetry, follow -up congenital dislocation 
of the hips, mammography and in practically all examples of 
macroradiography. The degree of effective reduction in 
scatter will depend on the depth of the air gap, usually 
15 cm or more, the size and shape of the field, the thickness 
of the part irradiated and its physical and chemical nature. 
Of course, factors which affect contrast, such as quality of 
radiation and gamma of the film and processing conditions 
are also important. In practice an air gap may be used in 
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many dose-sensitive circumstances, whether one is con- 
cerned with the patient or with a fibre optic device. 

Blurring due to inevitable movement of the part being 
radiographed may be effectively lessened by a reduction of 
the exposure time if this is practicable. The anatomical 
parts in the region of the pharynx during swallowing may be 
moving at the rate of 1000 mm/s whereas those in the small 
bowel may not exceed 100 mm/s. In the large bowel, the 
movements are much slower, varving between 10 and 
250 mm/min. The advancing edge of the contrast medium in 
blood vessels can easily move at up to 500 to 1500 mm/s. In 
order to obviate movement blurring, one would need ex- 
posures in the fractions of ms. Thus, ideally the shorter the 
exposure time the better but in practice the shortest time 
will depend on the contrast and the degree of blurring 
acceptable, bearing in mind the limitations imposed by the 
generator and the X-ray tube. 


AN ASSESSMENT OF INTRAVENOUS UROGRAPHY 
IMAGING USING 100 MM AND CONVENTIONAL FILMS 


By Elizabeth M. Robertson, B. Baily, 
Tamarisk M. Hearnden, R. F. Mould and 
D. H. Trapnell 


Westminster Hospital, London SWI 


A clinical trial was designed to compare the amount of useful 
diagnostic information obtained from the 10 min film of an 
IVU when using either indirect (100 mm) or conventional 
radiography (25 cm x 30 cm). The films for 50 patients were 
independently examined by ten radiologists. Eight film 
readers considered conventional radiography to be signi- 
ficantly better, 5 «0,02, than indirect (100 mm) radio- 
graphy, and two film readers considered that there was no 
significant difference. Possible applications of the technique 
were briefly described, 


ECONOMIC CONSIDERATIONS 
By R. T. Rogers 


DHSS, Scientific and Technical Branch, 14 Russell Square, 
London WCIB 5EP 


The question “What is best?" for a radiographic system 
cannot be considered in isolation from costs, for example the 


use of rare-earth screens, 100 mm radiography and silverless 
imaging. 

To replace existing calcium tungstate screens and cas- 
settes with rare-earth screens might cost over £5 million for 
England and Wales and add £0.5 million to annual replace- 
ment costs but patient dose may be halved. Whether the 
benefit is worth the cost is for others to decide but the num- 
ber required might be reduced if their use could be con- 
centrated on examinations contributing most to genetic dose 
or somatic effects. 

100 mm photofluorography is now in use for radiographic 
"spot films" during fluoroscopy, the extra capital cost being 
that of a 100 mm camera and the extra cost of a large (say 
30 cm) intensifier instead of the more usual 23 cm intensi- 
her. Improvements in image intensifiers may allow 100 mm 
photofluorography for routine radiography but the capital 
costs of replacing a “Bucky” with an image intensifier and 
100 mm camera would be substantial. Financial savings 
accrue through the difference in costs between a 100 mm 
film and a large-size film after allowing for the loss of the 
income from recovering most of the silver content from 
processing solutions and scrap film. However, capital ex- 
penditure 1s incurred at year zero whereas savings accrue in 
the future and therefore need to be properly discounted, 
eg., as recommended by the Treasury (HMSO, 1980), An 
investment appraisal on the above lines would be unlikely to 
indicate a financial advantage for 100 mm photofluorography 
for applications other than spot films during fluoroscopy. 
However, if the whole of a radiodiagnostic department 
operated with 100 mm photofluorography only, there would 
be other savings e.g. cheaper processors, less chemicals, less 
storage space for films and less effert in filing them. In a 
large department these savings could be large. 

Silverless imaging is a future possibility. For example a 
system could take the video signal from an image intensifier, 
digitize and store the data on a video disc. Video discs can, 
by means of a laser system, store 1000 to 10000 radio- 
graphic images. The cost of such a system would undoubtedly 
be substantial. Savings could also however be substantial in 
a large department. There would be no expenditure on 
films, chemicals and processors or large X-ray film stores 
and filing and retrieval of images could be significantly more 
efficient. Whether savings, after applying appropriate dis- 
counting, will be sufficient to meet the capital costs cannot 
be judged until commercial realization. 


REFERENCE 
PusnLic Secror Economic Group, HM Treasury, 1980. 
Investment Appraisal and Discounting Techniques and the 
use of the Test Discount Rate in the Public Sector, (HMSO, 
London). 
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Microfocal projection radiography: a new investigative technic 


jue, by J. C. Buckiand-Wright and K. Twinn. 


Scanning strategies-—help or hindrance? by M. G. Adams, A. G. Gale, B. S. W orthington and K. Millar. 
Preliminary results in the assessment of intracranial pathology by nuclear magnetic resonance imaging, by R. C. Hawkes, 


G. N. Holland, W. S. Moore and B. S. Worthington. 


Objective assessment of mucosal detail in double contrast barium meals by spatial frequency analysis, by N, Russell, A. G. 


Gale, B. 5. Worthington. 


The accuracy of the plain film in assessing faecal contamination of the colon prior to barium enema, by B. Cramer and 


G. de Lacey. 


Removal of radioactive contamination from skin, by M. V. Merrick, J. D. Simpson and Susan Liddel. 

Serial quantitative bone scanning in breast cancer, by S. Parbhoo, H. Alani, B. Stoll, J. Agnew, Z. Varghese and K. Walmsley. 
A method of non-invasive quantitative blood flow measurement, by P. J. Fish. 

Vessel imaging and flow measurement with ultrasound, by H. B. Meire and P. J. Fish. 

Pathological evaluation of CT scan images of lung, by R. Coddington, S. L. Mera, P. R. Goddard, N. Ring and ]. W. B. 


Bradfield. 


A new technique for radiation shielding in superficial X-ray therapy, by B. Baily, M. A. Coe and T. M. Hearnden. 


Examples of micro focus radiography, by T. Atherton (Wells- 


Krautkramer Ltd.). 


Dental applications of holography, by R. Dossetor, L. Wri ght, B. Keane and R. Juniper. 
Teaching mediastinal anatomy: the C'T correlation, by S. J. Golding. 


MICROFOCAL PROJECTION RADIOGRAPHY: A NEW 
INVESTIGATIVE TECHNIQUE 


By J. C. Buckland-Wright and K. Twinn 


Guys Hospital, London SEI 9RT 


The microfocal X-ray unit is a constant-potential X-ray 
generator with a 10-60 kV range and delivering a 1 mA 
current. The continuously evacuated X-ray column com- 
prises two electromagnetic lenses which throw a greatly 
reduced electron image of the cathode onto the side of a 
solid, oil cooled, tungsten target. At 60 kV, 1 mA, the X-ray 
source size is approximately 6 um in diameter, the smallest 
known to date. The object is brought close to the source to 
obtain high direct magnification up to x 15 within a short 
camera. The use of rare earth screen/film combinations 
(Trimax «a 16 and « 8) have reduced the exposure times. 
Noise inherent in these systems is overcome with magni- 
fications of X 3 or more. Phantoms containing grids show 
that the resolution increases with magnification providing a 
resolution of 25 um at x 9. 

Using post-mortem material, comparisons between the 
macroradiographs and the results from clinical X-ray units 
show that in the macroradiographs the image resolution, 
contrast range and magnification is far greater, providing a 
means for accurate mensural assessment of structures in 
bones and joints in normal and diseased conditions. 'T'he soft 
tissues are clearly outlined by air arthrograms and were even 
more clearly displayed by means of xeroradiography. In all 
cases stereopair radiographs are taken. Stereopsis provides 
augmented visual information. 

In the examination of patients, the radiation dose is within 
clinically acceptable limits. Preliminary results were pre- 
sented of time course studies of patients with rheumatoid 
and osteo-arthritis, renal osteodystrophy, fracture repair, 
scaphoid fracture and mammography. 


SCANNING STRATEGIES— HELP OR HINDRANCE? 
By M. G. Adams, A. G. Gale and B. S. Worthington 


and —— 
K. Millar 


Department of Behavioural Sciences, 
University of Nottingham 


The use in radiology of a set strategy for visually examining 
radiographs has often been advocated as an aid to improve 
detection of abnormalities through more efficient coverage 
of the film. Although intuitively plausible this advice is 
without any supportive experimental evidence. The follow- 
ing experiment was undertaken to examine this proposal in 
the detection of coin lesions. 

Two groups of radiologically naive subjects were first 
familiarised with the appearance of coin lesions and then 
shown a series of 30 chest films. Half of these films con- 
tained either one or two artificially produced coin lesions. 

A microprocessor-based system was used both to present 
the films to the subjects and to generate the artificial lesions. 
The subjects were instructed to indicate whether the film 
was normal or contained lesions. The subjects’ eye move- 
ments were recorded throughout the experiment. 

All subjects were again tested a week later, Prior to this 
second session one group--the experimental group-—was 
first trained to use a set strategy of scanning the radiographs. 
The control group had no such training, instead simply 
viewing chest films for a similar amount of time. 

Whereas the performance of the control group increased 
slightly as a result of practice that of the experimental group 
declined. 'This finding is in accord with a cognitive model of 
perception which involves an interaction between the sub- 
ject's schema and the stimulus information. Adherence to a 
strict scanning strategy led to the breakdown of this inter- 
action and so produced poorer performance. 
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PRELIMINARY RESULTS IN THE ASSESSMENT OF 
INTRACRANIAL PATHOLOGY BY NUCLEAR MAGNETIC 
RESONANCE IMAGING 


R. €. Hawkes, G. N. Holland and W. S. Moore 
Department of Physics 


and 


B. S. Worthington 


Department of Radiology and Human Morphology, 
University of Nottingham 


'The recently developed technique of NMR imaging which 
employs radio-frequency radiation is similar to X-ray 
computed tomography in providing a cross-sectional display 
of the body with excellent resolution of soft tissue detail. 
'T'hese images are essentially a map of the distribution den- 
sity of protons in cellular water and lipids. NMR has the 
advantages of being non-invasive; avoiding the use of 
jonizing radiation; penetrating bone without attenuation and 
of being without known hazard. 

In NMR imaging the scanning plane and slice thickness 
can be selected electronically and this has allowed high 
quality coronal and sagittal images to be obtained directly. 
This facility is valuable in defining the extent and topo- 
graphical relationship of lesions in all three planes. 

NMR images can also provide functional as well as 
structural information and there is evidence from current 
images that insight can be obtained into CSF dynamics and 
blood flow. 

As with C'T scanning, structures are identified and their 
shape, size and position defined. Alterations in tissue density 
are then sought and here there is a significant difference 
between the two methods. NMR imaging has a greater 
potential than CT for the selective examination of tissue 
characteristics, since, unlike the latter, where X-ray attenu- 
ation co-efficients alone determine image contrast, at least 
four separate variables contribute to the NMR signal. 

NMR scans from several patients were shown, to compare 
the information available with that obtained from CT scans 
and conventional neuroradiological procedures. 


OBJECTIVE ASSESSMENT OF MUCOSAL DETAIL IN DOUBLE 


CONTRAST BARIUM MEALS BY SPATIAL FREQUENCY 
ANALYSIS 


By N. Russell, A. G. Gale and B. 5. Worthington 


Department of Academic Radiology, University of 
Nottingham 


A study was carried out to compare the quality of the 
mucosal image achieved using four commercial barium 
sulphate preparations. Air-filled compartments lined by pig 
gastric mucosa were used as a model of the human stomach. 
The radiographic image obtained was evaluated on the 
basis of the spatial frequency model of vision; perception of 
fine mucosal detail is dependent on high contrast registra- 
tion of the high spatial frequencies in the image. 

The root mean square amplitude of the optical density is a 
function of the contrast and thus integration of different 
spatial frequencies with respect to amplitude will give a 
numerical value which will indicate how well the visual 
svstem can perceive detail in the radiograph. 

'The results show that EZ-HD provides a significantly 
better image than X-Opaque, Micropaque and Baritop. 
X-Opaque produces better results than Baritop or Micro- 
paque, but the difference, although significant, 1s less great. 


'The morphology of barium sulphate particles in the four 
preparations was studied using the scanning electron 
microscope, EZ-HD and X-Opaque contain rough particles 
with a range of sizes. Baritop and Micropaque contain small 
smooth particles of more uniform size. This contrast is 
reflected in our results based on a measure of objective 
image quality. Anderson et al. (1980) have shown that with 
EZ-HD and X-Opaque a high proportion of large particles 
in the suspension settle out into grooves between the areae 
gastricae. This is one of the factors which contributes to the 
formation of a good mucosal image. 


REFERENCE 
ANDERSON, W., HanrHiLL, J. E., James, W. B. and MONT- 
comery, D., 1980. Barium sulphate preparations for use 
in double contrast examination of the upper gastro- 
intestinal tract. British Journal of Radiology, 53, 1150- 
1159. 


THE ACCURACY OF THE PLAIN FILM IN ASSESSING 
FAECAL CONTAMINATION OF THE COLON PRIOR TO 
BARIUM ENEMA 


By B. von Cramer 
Radiology Department, Northwick Park Hospital 
and 
G. de Lacey 
Clinical Research Centre, Harrow 


Radiologists commonly use a plain abdominal radiograph 
prior to barium enema for assessment of likely faecal colon 
contamination. Surprisingly, many authors have used this 
plain film, and not the barium-filled films, to assess different 
colon preparation regimens. 

A prospective survey of 448 patients assigned to four 
different preparation regimens was carried out. All were 
outpatients, and all studies were double contrast barium 
enemas. Three of the preparation regimens did not include 
colonic lavage. A plain film prior to each barium examina- 
tion and the barium enema films were evaluated for faecal 
contamination. The results indicate that the plain film 
overstates the number of patients assessed as having a 
perfectly clean colon and underestimates the amount of 
faeces present. It is concluded that assessment of colonic 
preparation regimens should not be carried out on plain 
films alone. Moreover, it is suggested that a routine plain 
film in outpatients prior to barium enema should be dis- 
couraged: it is misleading, time consuming, expensive and 
represents unjustified radiation exposure. 


REMOVAL OF RADIOACTIVE CONTAMINATION FROM 
SKIN 


By M. V. Merrick, J. D. Simpson and 
Susan Liddel 


Western General Hospital, Edinburgh 


Despite proper precautions there is always some possibility 
of accidental skin contamination when radioactive sub- 
stances are being handled. Other substances such as drugs 
and chemicals can also give rise to adverse reactions if they 
remain in contact with skin, but the presence of small 
quantities may be difficult to measure accurately. 

Previous work has shown that flushing with plain water 1s 
relatively ineffective, and that pertechnetate is more 
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adherent to skin than most other technetium-based radio- 
pharmaceuticals. Even so the binding of pertechnetate is 
relatively weak compared with chromic chloride. 

We have compared the efficiency with which pertechne- 
tate and ?!Cr are removed by four different products, 
namely, soap and water, an aerosol foam detergent contain- 
ing a chelating agent, a liquid detergent containing a 
chelating agent and a semi-abrasive skin cleanser. 

The semi-abrasive cleanser was much the most effective 
at removing pertechnetate (P « 0.01). It was as good as the 
best of the other products in removing ?!Cr. Because its 
mode of action is non-specific it should be at least as 
effective at removing other forms of contamination. It 
should therefore probably be regarded as the agent of choice 
for general-purpose skin decontamination. 


SERIAL QUANTITATIVE BONE SCANNING IN BREAST 
CANCER 


Dy S. Parbhoo, H. Alani, B. Stoll, J. Agnew, 
Z. Varghese and K. Walmsley 


Departments of Surgery, Radiotherapy, Medical Physics, 
Renal Transplantation and Radiology, Royal Free 
Hospital, London NW3 


Scintigraphy is a sensitive technique for detecting skeletal 
metastases but small changes are difficult to interpret. In 
order to obtain earlier and accurate assessment of change we 
have used computerized quantitative scanning. Both the 
profile technique and a region of interest (ROI) technique to 
obtain a metastasis-to-normal-bone ratio have been used. 
‘These techniques and their advantages and disadvantages 
were displayed. 

Bone scans using ?"Tc" methylene disphonate have been 
carried out in 84 patients with advanced breast cancer. 
Serial studies at intervals of four weeks to six months have 
been carried out in 38 of these patients shown to have bone 
metastases. 

The exhibit demonstrated the variation in the quantita- 
tion related to progressive disease, response to endocrine 
manipulation, ablative endocrine surgery, radiotherapy and 
cytotoxic chemotherapy. Recurrent disease as shown on the 
scans correlated with later clinical symptoms. 

The use of a quantitative technique has allowed us to 
detect bone metastases or recurrence at an earlier stage and 
modify treatment accordingly. 


A METHOD OF NON-INVASIVE QUANTITATIVE BLOOD 
FLOW MEASUREMENT 


By P. J. Fish 
Clinical Research Centre, Harrow, Middlesex HAI 3UF 


A consideration of some of the potential sources of error in 
transcutaneous flow measurement lead to the development 
of a multichannel pulsed Doppler instrument (MAVIS) 
having the following features: 

1. Doppler frequency measurement in the presence of 
noise is made using a noise subtraction technique. 

2. Doppler images of the vessel aid the operator in beam 
location and maintenance. 

3. A method of angle measurement requiring two cross- 
sectional scans of the vessel-axis orientation measure- 
ment is used. 

4. À correction is made for the effect of the low-frequency 
Doppler cut-off taking into account the velocity profile 
shape. 

5. The effect of the finite length and width of the pulsed 


Doppler sampling volume on the measured velocity 
profile and flow rate are computed taking into account 
the velocity shape, variation. of the sample volume 
width along the beam and vessel oríentation. 
The results of measurements made in-vitro and in-vivo 
have shown that the method is accurate and reproducible. 
This work was supported by the Department of Health 
and Social Security and GEC Medical Equipment Limited. 


VESSEL IMAGING AND FLOW MEASUREMENT WITH 
ULTRASOUND 


By H. B. Meire and P. J. Fish 
Clinical Research Centre, Harrow, Middlesex HAI 3UF 


By using a combination of pulsed ultrasound techniques and 
Doppler shift detection, an apparatus has been developed 
for imaging blood vessels within patients. Echoes returning 
from stationary structures are ignored and those returning 
from blood moving within the area of investigation give rise 
to the image which is closely analogous to the “moving 
target indicator" commonly used in military radar. 

In order to obtain an image an ultrasound transducer is 
manually scanned over the area of interest and a vascular 
map is compiled over a period of several minutes. Three 
alternative views may be obtained, either a plan view, 
lateral view or cross-sectional view. Since the images 
represent only the areas of moving blood within vessels, 
abnormal narrowings of the vessels appear as defects in the 
image and occlusions result in failure to image a vessel. The 
examination is both painless and harmless and does not 
involve injection. of contrast media or exposure of the 
patients to ionizing radiations. The technique is therefore 
valuable not only for the detection of vascular lesions but 
also for post-operative follow-up or for the assessment of 
response to medical treatment. 

The apparatus is also direction-sensitive and arteries can 
therefore be reliably differentiated from the veins, and in the 
latest version of the equipment the arterial image is colour- 
coded red whilst veins are displayed in blue. The apparatus 
has also been developed to permit measurement of blood 
velocity, flow profile and vessel diameter. It is, therefore, 
now possible to measure accurately the volume of blood 
Rowing within a vessel and early clinical trials of this facility 
are now underway in the Division. of Radiology at the 
Clinical Research Centre. 

The exhibit included examples of both normal and 
abnormal vascular images and examples of the functional 
data display and volume blood flow measurement. 


PATHOLOGICAL EVALUATION OF CT SCAN IMAGES 
OF LUNG 


By R. Coddington, 5. L. Mera, P. R. Goddard, 
N. Ring and J. W. B. Bradfield 


Brtstol Royal Infirmary, Bristol 


Computerized tomography (CT) is increasingly used in the 
study of respiratory disease. Correct interpretation of CT 
scan images requires correlation with known pathological 
lesions. In this study, lungs obtained at postmortem were 
inflation-fixed by formalin vapour in a specially designed 
cabinet. The fixed lungs were scanned producing i images in 
the transverse plane at 13 mm intervals. After scanning, the 
lungs were sliced horizontally at 13 mm intervals to cor- 
respond with the C'T scan images. 'T'he slices were X-rayed 
and Gough-Wentworth sections then prepared. 
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We found that the lungs could be maintained in an 
inflated condition, resembling the in vivo state, so providing 
a suitable preparation for C'T scanning. Gough-Wentworth 
sections and radiographs of lung slices provided suitable 
material for correlative studies. Using these techniques the 
interpretation of lung images generated by the C'T scanner 
can be validated by direct comparison with exact areas of 
lung tissue. Scans can be studied retrospectively to see 
whether particular lesions are visible, and quantitative 
studies of regional lung pathology are possible, 


A NEW TECHNIQUE FOR RADIATION SHIELDING IN 
SUPERFICIAL X-RAY THERAPY 


By B. Baily, M. A. Coe* and T. M. Hearnden 


Departments of Physics and Radiotherapy, Westminster 
Hospital, London 


Lesions within the first few millimetres of the skin are 
commonly treated using X rays generated in the superficial 
range, between 50 kVp and 150 kVp. The size and shape of 
such lesions are seldom identical with the applicators of the 
treatment unit and it 1s necessary to shield uninvolved 
tissue. This may be done using lead strips, lead sheet cut- 
outs, or, in the case of facial lesions, a lead sheet mask beaten 
onto a plaster cast of the face. 

This latter process is difficult and time-consuming. To 
overcome these disadvantages a technique using low- 
melting-point alloys has been devised. 

A low-melting-point alloy, of the type commonly used for 
high energy shielding, is spraved onto a cast of the patient’s 
face, building up to between 2 mm and 3 mm. Final thick- 
ness is dependent on X-ray energy and the need for 
adequate strength and coverage, It is not, however, critical 
since 2 mm affords adequate protection up to 250 kVp. 

To provide absorption of secondary electrons a thin 
(0.3 mm) plastic shell is vacuum formed on the cast first and 
the alloy sprayed onto this. This has the additional advan- 
tages of allowing the mask to be lifted without damage and 
providing a comfortable, hygienic surface in contact with 
the patient. The treatment “window” and nasal airways are 
cut with a hot soldering tron and dental burr. 


EXAMPLES OF MICRO FOCUS RADIOGRAPHY 
By T. Atherton 
Wells Krautkramer Ltd., Sutton Coldfield, West Midlands 


The main advantage of micro focus radiography is the 
possibility of projecting small samples onto a large X-ray 
film but maintaining good resolution and quality. Dr. J. C. 
Buckland-Wright of Guy’s Hospital Medical School has 
used this to demonstrate the effect different drugs have on 
arthritic joints of small animals. 

He shows how it is possible to produce measurements to 
assess the results. The X-ray equipment used has a focal 
spot size of less than 10 u operating to 30 kV at 1 mA beam 
current. Magnifications up to x 20 are possible. X-ray 
examination of the detailed structure of organs and bio- 
logical specimens is possible providing the specimens to be 
radiographed are only several millimetres thick. The E12 
equipment, now marketed by Wells-Krautkramer Limited 
and developed by Harwell N D 'T Central Laboratories, 





*Present address—-Radiotherapy Department, St. Luke's 
Hospital, Guildford, Surrey. 


operates at 80 kV and up to 1 ml with a 10 p focal spot, and 
can also be used for this kind of research and investigation. 
The extra kV offer more flexibility; the equipment can be 
used with larger animals and does not exclude live animals. 


DENTAL APPLICATIONS OF HOLOGRAPHY 


By R. Dossetor, L. Wright, B. Keane and 
R. Juniper 


Royal Sussex County Hospital, Brighton 


In oral surgery, dental models are required to assess 
changes both before and after surgery. Storage of these 
models is difficult and is often impractical on any large scale, 
Holography represents a potential new method of storing 
these models as three dimensional images. Further, with 
bleached transparent holograms there is potential scope for 
direct measurements to be made on and in the three 
dimensional images. Anatomical comparisons are facilitated 
by superimposing two images taken before and after the 
event, whereupon both the direction and magnitude of 
changes become immediately apparent. The equipment 
required to produce the holograms is relatively simple, 
consisting of a single beam "Denisyuk" assembly powered 
by a He-Ne laser of up to 10 mW. Agfa-Gevaert Holotest 
film type 8E75 is used, with appropriate development and 
bleach to provide white light holograms which may be 


- viewed by a suitable compact source of light. 


TEACHING MEDIASTINAL ANATOMY; 
THE CT CORRELATION 


By 5. J. Golding 
CT Scanning Unit, Royal Marsden Hospital, Sutton, Surrey 


The mediastinal pattern seen on conventional chest 
radiography is a complex summation shadow made up of the 
images of the thoracic viscera and the surrounding lung. The 
pulmonary lobes extend into the mediastinum between the 
viscera so that a significant amount of lung is contained 
within the mediastinal silhouette. 

The mediastinal pleural reflections form the boundaries 
of the lung and may be visible where tangential to the X-ray 
beam, by virtue of the difference in density between the lung 
and the underlying structures. In addition, there are areas 
where the right and left lungs are adjacent and separated by 
pleura alone. These boundaries form the mediastinal 
“Jines”. 

Appreciation of the areas of lung in the mediastinum is 
valuable in practice since pulmonary pathology may be 
obscured by the mediastinal density. Similarly an under- 
standing of the mediastinal lines is essential to the diagnosis 
and assessment of mediastinal disease, Mediastinal anatomy 
is, therefore, an important teaching topic. 

Computed tomography (CT) provides an appropriate 
method of displaying the mediastinal anatomy for two 
reasons; first, it is cross-sectional and therefore free of 
superimposition effects, and second, CT and conventional 
radiography have the same physical basis; display is derived 
from X-ray attenuation. The way in which juxtaposition of 
soft tissue and lung contribute to the conventional radio- 
graphic appearance is therefore readily appreciated from 
CT sections. 

In this exhibit a teaching model consisting of correlated 
conventional radiographs, tomograms and CT scans has 
been constructed to show how CT may be used to explain 
the conventional radiographic anatomy of the mediastinum, 
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FELLOWSHIPS AND GRANTS FOR CANCER RESEARCH 

The International Union against Cancer invites appli- 
cations for: Cancer Research Campaign fellowships (dead- 
line October 1); Eleanor Roosevelt International Cancer 
fellowships (deadline October 1); Yamagiwa-Yoshida 
Memorial International Cancer Study grants (deadline 
December 31); and International Cancer Research Tech- 
nology Transfer Programme grants (applications as soon as 
possible). Details and application forms from: UICC, rue du 
Conseil-Général 3, 1205 Geneva, Switzerland. 

The International Agency for Research on Cancer (WHO) 
also invites applications for training fellowships, 1982-3. 
Deadline January 31, 1982. Details: Research Training & 
Liaison. Programme, IARC, 150 cours Albert- Thomas, 
69372 Lyon, Cedex, 02, France. 


Contrast MEDIA. FUNDAMENTALS AND CLINICAL 
APPLICATION 

The Department of Diagnostic Radiology of the Univer- 
sity of Rochester will offer a two-and-a-half day course on 
Contrast media: fundamentals and clinical application, 
September 21~23, 1981. The philosophy of this course is to 
review the fundamental chemical, physical, physiological, 
and toxicological properties of radiopaque media and to 
describe the relationship and importance of these properties 
to radiological application and diagnoses. The curriculum 
will provide a thorough introduction to contrast media for 
residents, Fellows, and junior faculty as well as a refresher 
course for the more experienced radiologist. The knowledge 
conveyed should be useful in the clinical setting and in the 
laboratory. For further information, contact Harry W. 
Fischer, M.D., Chairman, or Michael R. Violante, Ph.D., 
Course Director, Department of Radiology, PO Box 648, 
University of Rochester Medical Center, Rochester, New 
York 14642; phone (716) 275-2617. 


EUROPEAN ASSOCIATION OF RADIOLOGY 
I] EUROPEAN SYMPOSIUM ON INTERVENTION RADIOLOGY 
Venice, Italy, September 28-October 3, 1981. Informa- 
tion: Istituto di Radiologia Universita, Viale Benedetto XV, 
10, 16132 Genova, Italy. 


SURGEONS IN IRELAND 

21st Anniversary Meeting, Dublin, October 2-3, 1981: 
jointly with The British Institute of Radiologists, The 
Royal College of Radiologists, and The Royal Society of 
Medicine. Diagnostic and therapy sessions; topics to in- 
clude radiology in renal failure and radiology of trauma. 
The BIR Presidential Address for 1981, “Chest radiology — 
guesswork or science?” will be given by Dr. D. H. Trapnell. 
Technical exhibition. Details: Miss A. Daly, Faculty of 
Radiologists, Royal College of Surgeons in Ireland, St. 
Stephen's Green, Dublin 2. 


SYMPOSIUM OF RADIOLOGICAL PHYSICISTS 
BRATISLAVA, CZECHOSLOVAKIA, OCTOBER 5-7, 1981 

Topics proposed are: radiation dosimetry of high-energy 
electrons, X and y rays, and neutrons; computer planning of 
radiotherapy treatment; radiation protection of patients and 
staff during radiotherapy. Languages: Slovak, Czech and 
English. Registration fee $50. Further details from the 
Slovak Medical Society, Congress Office, Mickiewiczova 18, 
883 22 Bratislava, Czechoslovakia. 


DIAGNOSTIC IMAGING IN MEDICINE COURSE 

October 11-23, 1981, Estoril, Portugal. Sponsored by 
NATO Advanced Study Institute and The George 
Washington University Medical Center. Registration 895,00 
(no other charge). CME Category I credits available. Sub- 
jects include: nuclear, ultrasound, CT, NMR, and X-ray 
imaging, clinical and experimental. For application to attend 
write: Richard C. Reba, M.D., Division of Nuclear Medi- 
cine, George Washington University Hospital, 901 Twenty- 
Third Street, NW, Washington, DC, 20037. Phone: 
(202) 676-3458, 


ROYAL COLLEGE OF PHYSICIANS AND SURGEONS OF 
GLASGOW SYMPOSIUM ON “CHOICES IN ORGAN IMAGING-— 
WHEN TO DO WHat” 

This symposium will be held in Glasgow on Wednesday, 
October 14, 1981. Chairmen: Dr. J. K. Davidson, Dr. W. B. 
James and Dr. J. G. Duncan. Speakers: Dr. S. R. Wid, 
Dr. E. Barnett, Dr. D. A. R. Robertson, Dr, J. C. Rodger, 
Prof. I. Isherwood, Prof. J. J. K. Best, Dr. M. V. Merrick 
and Dr. P. Morley. Registration fee £10. Applications and 
information: The Hon. Secretary, Royal College of Physi- 
cians and Surgeons of Glasgow, 234—242 St. Vincent Street, 
Glasgow G2 SR] (phone 041-221 0241). 


‘THE SHORT AND Loxc Term BIOLOGICAL CONSEQUENCES 
OF EXPOSURE TO RADIATION 
Middlesex Hospital, London. Tuesday, October 13, 1981. 
Enquiries to the Programme Committee Secretary, Professor 
J. H. Martin, Department of Medical Biophysics, Blackness 
Laboratory, University of Dundee, Dundee DD1 4HN. 


RaADIOBIOLOGY WORK-IN-PROGRESS MEETINGS 

Meetings during the coming year at the Institute include 
“Subcellular targets, including ultrastructural damage", 
November 20, 1981; a general meeting on February 26, 1982 
and “Late damage to normal tissues after radiotherapeutic 
doses” on May 21, 1982. The all-day Saturday meeting will 
be on November 21, 1981, on “The effects of small doses— 
the basis of radiation protection". Proffered papers for the 
November meeting should reach Dr. J. H. Hendry, Paterson 
Laboratories, Christie Hospital and Holt Radium Institute, 
Manchester M20 9BX, by September 20. 

Please note all meetings will be held at the BIR's new 
address, 36 Portland Place, London W1. 


Tur RaproLocicAL DIAGNOSIS AND 
TREATMENT OF THuyroip DISEASE 
WEDNESDAY, NOVEMBER 18, 1981 
This all-day meeting, organized by the BIR Nuclear 
Medicine Committee, will be held at the Institute, 36 Port- 
land Place, London W1. The meeting will cover all aspects 
of thyroid disease, including the use of isotopes. Enquiries 
to: Dr. John Frank, The Wessex Regional Department of 
Nuclear Medicine, Southampton General Hospital, South- 
ampton SO9 4X Y. 


SAFETY Review AND INSPECTION OF NUCLEAR POWER 
PLANTS 

The International Atomic Energy Agency will hold a 
seminar in Vienna from November 23-27, 1981. Further in- 
formation and participation forms from D. A. Herbert, 
Department of Energy, Atomic Energy Division, Thames 
House South, Millbank, London SW1P 40] (phone 01-211 
6850). Applications by September 30. 
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PaEDiATRIC Raptorocy 1981 
Great OngMoND STREET, LONDON, NOVEMBER 26-27 

This annual two-day course is designed for consultants 
and senior registrars. The theme will be the gut; other topics 
covered will include jaundice, hypertension and the neo- 
natal big head. Speakers will include paediatricians, paedi- 
atric surgeons and endoscopists; there will be opportunity for 
open discussion. 

There are a limited number of places. Cost £40. Full 
details: Dr. I. Gordon, Department of Paediatric Radiology, 
Hospital for Sick Children, Great Ormond Street, London 
WC1 (telephone 01—405 9200). 


British MEDICAL ULTRASOUND SOCIETY 
The 1981 Annual Meeting will be held on December 
14-15 at the University of London Union, Malet Street, 
London WC1. Enquiries to 36 Portland Place, London 
WIN 3DG. 


FOURTH RADIOLOGICAL AND RADIO-ANATOMICAL COURSE 

Val d'Isère (French Alps), January 17-23, 1982. Profes- 
sors G. Salamon, V. Bismuth and J. L. Lamarque. Will be 
devoted this vear, as in the preceding years, to the cor- 
relations between normal anatomy and radiological in- 
vestigations as well as the correlation between anatomical 
pathology and radiological, CT or ultrasound images. 

The themes of the course will be orbital pathology Gn 
collaboration with Dr. Jacqueline Vignaud) sella tumours, 
biliary pancreatic problems, the unprepared abdomen, 
thoracic pathology, hysterosalpingography and digital 
angiography. 

For information and registration write: Mme. Jacqueline 
Peloux, Laboratoire de Neuroradiologie et Radiologie 
Vasculaire, Hôpital de la Timone, 13385 Marseille Cedex 5, 
France (tel (91) 49.40.41). Registration fee: 800F (700F to 
members of CEPUT, 250F to students). 


QUANTITIES AND UNITS FOR USE IN RADIATION PROTECTION 

Scientific meeting and exhibition, National Physical 
Laboratory, Teddington, Middlesex, Tuesday, January 26, 
1982. Organized by the Society for Radiological Protection. 
Enquiries: Prof. J. H. Martin, Dept. of Medical Biophysics, 
Blackness Laboratory, University of Dundee, Dundee 
DDI 4HN. 


THE MAYNEORD SYMPOSIUM 

Friday, February 19, 1982. This meeting is being organ- 
ized by, the BIR Council in honour of the 80th birthday of 
Professor W. V. Mayneord, C.B.E., F.R.S. It will be an all- 
day meeting to be held at the Royal Society, in Carlton 
House Terrace, London. The theme for the meeting will be 
*"The future in radiology" as seen by distinguished workers 
in a number of branches of radiological science. 


THE NATURAL RADIATION ENVIRONMENT 
Tuesday, March 30, 1982, at the Central Electricity 
Generating Board, Sudbury House, 15 Newgate Street, 
London EC1. Organized by the Society for Radiological 
Protection. Enquiries: Prof. J. H. Martin, Dept. of Medical 
Biophysics, Blackness Laboratory, University of Dundee, 


Dundee DD1 4HN. 


SOCIETY For RADIOLOGICAL PROTECTION 
Tuirp INTERNATIONAL SYMPOSIUM—INVERNESS 1981 
June 6-11, 1982. Main topics: radiation and risks; radio- 
biology and epidemiology; instrumentation and equipment; 
design of facilities; radioactivity in the environment; 
education and public information; legal and regulatory as- 


pects; accident management; non-ionizing radiation; 
medical techniques. Brochure from Symposium Organizer, 
SRP International Symposium, c/o NRPB Harwell, Didcot, 
Oxon OX11 ORQ. Abstracts to be received by July 15, 1981. 


3RD WORLD FEDERATION MEETING FOR ULTRASOUND 
IN MEDICINE AND BioLocy: Juty 26-30, 1982 

'This will be held at the Metropole Conference Centre, 
Brighton, England; and will incorporate the 5th World 
Congress of Ultrasound in Medicine and Biology. 

Over 2000 delegates are expected; many participants will 
also have an interest in radionuclide imaging, X rays and 
other investigative procedures. A large trade exhibition is 
being arranged as an integral part of the conference: bro- 
chure now available. Further details from: WFUMB-82 
Conference Office, 4L Portman Mansions, Chiltern Street, 
London WIM 1LF (phone 01-486 6582). 


3np WORLD CONGRESS OF NUCLEAR MEDICINE AND BIOLOGY 

Paris, August 29-September 2, 1982. Main topics: 
radiopharmaceuticals; radio-immunoassay; clinical appli- 
cations; instrumentation; nuclear and non-nuclear investi- 
gations; radiobiology, health physics, dosimetry; economics 
and management. Deadline for abstracts: December 1, 1981. 
Information: World Federation of Nuclear Medicine and 
Biology, B.P.28, F-91403 Orsay, France. 


WORLD Concress ON MEDICAL PHYSICS AND BIOMEDICAL 
ENGINEERING 1982 

13th International Conference on Medical and Biological 
Engineering; 6th International Conference on Medical 
Physics. September 5~11, 1982, Hamburg, Federal Republic 
of Germany. Presidents: Prof. W. Bleifeld (Hamburg) and 
Prof. D. Harder (Góttingen). Correspondence: Hamburg 
Messe, Congress Organization, D-2000 Hamburg 36, 
Germany. P.O. Box 30 23 60. 


"Tug NEUTRON AND ITS APPLICATIONS 

The Institute of Physics, in collaboration with AERE 
Harwell, is organizing an international conference in Cam- 
bridge, September 13-17, 1982, to mark the 50th anniversary 
of the discovery of the neutron. 

The conference aims to cover all aspects of neutron 
science. Plenary lectures will include G. Allen on ‘The con- 
tribution of neutron scattering to the understanding of 
macromolecules, J. F. Fowler on neutrons in medicine, A. 
M. Lane on nuclear reactions caused by neutrons, C. 
Llewellyn-Smith on the structure of the neutron, A. R. 
Mackintosh on the contribution of neutron scattering to the 
understanding of magnetism, N. F. Ramsay on particle 
properties of the neutron, and C. G. Schull on wave proper- 
ties of the neutron. The conference will include a com- 
memorative session and a public session devoted to issues of 
general concern. 'Phere will be exhibitions of scientific 
equipment, and of historical interest. 

Further information from the Meetings Officer, The In- 
stitute of Physics, 47 Belgrave Square, London SWIX 8QX. 


51TH SOUTH AFRICAN 
INTERNATIONAL RADIOLOGICAL CONGRESS 

The 5th South African International Radiological 
Congress, together with a Scientific and Technical Exhi- 
bition, will be held in Johannesburg at the Carlton Hotel 
from October 8 to 15, 1982. The theme is “Imageology”, 
and many of the most eminent international radiologists 
have been invited to participate. Honorarium lectures from 
overseas sponsors, if accepted, will be paid $250 per lecture. 
Further information: Dr. P. Reichman, Congress Director, 
PO Box 2251, Johannesburg 2000, Republic of South Africa. 
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Book reviews 


Abdominal ultrasound in the cancer patient 


Fundamental and clinical bone physiology 


Radiotherapy treatment planning (Medical Physics Handbooks 7) 


Management of persons accidentally contaminated with radionuclides (NCRP Report 65) 


Uroradiology 


INSTITUTE OF UROLOGY 
(University of London) 
in association with St. Peter's Hospitals 


URO-RADIOLOGY WEEKEND 
4th and 5th December 1981 
To be held in the Lecture Theatre, Institute ot Urology, 172 Shaftesbury Avenue, London WC2H 8JE. 


Films for the quiz will be displayed Friday lunchtime. 





Friday 4th December 1981. 2.00-6.00 p.m. 


Developmental abnormalities of the upper anna 
tract. 

Prune Belly Syndrome 

Renal Cystic Disease in Children 


Urethrography 


Radiology Quiz 


Dr. Donald Shaw, University College Hospital, London. 


Dr. M. J. Kellett, St. Peter's Hospitals, London. 

Dr. Christine Hall, Hospitalfor Sick Children, Great Ormond 
Street, London. 

Dr. Caroline Parks and Dr. K. Patel, St. Peter's Hospital, 
London. 


E (—— MP —— ee es NOR Be 
Saturday 5th December 1981. 9.30 a.m.--4.00 p.m. 


Evaluation of the hypersensitive patient 
Long term follow-up of patients after renal 
angioplasty 

Therapeutic applications of parcata neous 
nephrostomy 

Needling Nodes 

Calyceal Deformities 

Renal Failure Radiology 1981 


Dr. Judy Webb, St. Bartholomew’s Hospital, London. 
Dr. Eric Martin, New York. 


Professor Rolf Günter, Mainz. 
Dr. N. B. Bowley, Hammersmith Hospital, London. 


Dr. H. M. Saxton, Guy's Hospital, London, 
Professor T. Sherwood, Cambridge. 
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Which company offers 
superior multi-axis vascular 
imaging equipment today 
...and tomorrow? 


General Electric Company of U.S.A: 
Making new technology accessible. 


- 


The unique isocentric tomography, the Continuum 
design of today's ts A Y concept means that new 
L/U-Angio multi-axis > EI capabilities can easily be 
vascular system keeps mu added to every existing 
anatomy centered as the equip- CT/T system. And in 
ment is moved from projection to nuclear diagnostics, by 
projection...without repositioning the adding a data 
patient. And, this advanced positioning acquisition and analysis system 
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system's Fluoricon L300 image intensifier to an existing MaxiCamera 400T 
is fully compatible with digital system, complete Emission Computed 
fluoroscopy technology. to permit optimum Tomography can be performed. 


clinical performance far into the future. 3a 
P "un Upgrade capability. One more reason 


Such upgrade capability is also why General Electric of USA. is à 
designed into other General ^ significant and rapidly 
Electric of USA. imaging At the leading edge growing factor in European 


systems: In computed of imaging technology. health care. 


Franklurt/M. Tel 06 11/760 73 69 9 Wien, Tel 24 14 51 9 Brüssel, Tel. 660 2010 © Kopenhagen. Tel 2 86 86 00 9 Mailand Tel 753 1351 9 
Breda. Te) 76 22 54 15 9 Lissabon. Te! 36 7! 55 9 Madrid. Tet. 252 5100 9Gotehorg Tel. 42 09 70 9 Zunch, Tet: 47 50 30 


International General Electric Company of New York Ltd., 
Jubilee House, Blyth Road, Hayes, Middlesex. Tel: 01-573 7766. 


GENERAL G ELECTRIC 


*Genetal Eecte Company ofthe S A is not connected with Ye Enghsh company ora siemslar name 
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Diagnostic Radiologist 

| Diagnostic Radiologist wanted, with fellowship or 

. eligible, to join radiological group in Edmonton, 
Alberta, Canada. Hospital and office practice. 
Applicant should have training in special procedures 

| and/or ultrasound. 






pocket | 
dosimeters 





— Please reply to: 
Dr. W. J. Taylor, M.B., Ch.B., D.M.R., | 
F.R.C.P.(C.) | 
:436010830- Jasper Avenue 
Edmonton, Alberta 
Canada T5 2B3 
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gamma radiation 


ACCURATE 
PrETEIEUG T. 
RELIABLE 








Required—Brain CT Scan Radiologist 
for private hospital, 


Very attractive salary. 






we serve the world through our agents 





BEIRUT 
| 
| 





Address : R-AStephen 
Dr. TOHME ALMABANY ( AND COMPANY prie 
55 Piccadilly, W1 


Miles Road Mitcham CRA 3YP Tet 01-648 1668/9 
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DOCTOR “C” TYPE DOUBLE-SIDED APRON 


Right side closed, left side has push-in-clip shoulder fastening, 
(or if “Velcro” preferred, please state on order). 


——————————————— 


Super-flexible—Multi-layered. 

Foam padded shoulders. 

Standard size is 24 in (61 cm) wide. Ladies 
slim fitting 21 in (53 cm) also available. 
Lengths, choice of 33 in (84 cm), 36 in 

(91 cm), 39 in (99 cm), 42 in (107 cm). 
Washable PVC colours, choice of royal blue, 
white, green, yellow, red. 


SAPO RARER SEERA rine AR tek tbr paler A MRE Aa 


Lead equivalents, choice of 0.25 mm, 
0.35 mm, 0.50 mm. 


This Apron has been specially designed by 
our Company for operators who stand 
"right-side-on'' and who require protection 
without a gap on the right hand side, 





| 21 Elizabeth Street 
Manchester M8 8WT, England 


Telephone 061-834 1303 


Established 1860 











Coparvax is a freeze-dried 


preparation of Corynebacterium parvum. 
When injected into previously-aspirated 
pleural or peritoneal effusions, Coparvax 


has been shown to be extremely 


effective at preventing recurrence and 


easing the associated symptoms. 

In addition, Coparvax has 
a remarkably low incidence of side- 
effects, unlike many other treatments, 


some of which may require concomitant 


narcotic analgesia. 


For further information on 
this advance in the management 


of malignant effusions please contact 


our Scientific Services Division at the 


address below. 





| L Bey cesta parum 
when the quality of life 
is the primary concern 





PRESCRIBING INFORMATION 
Presentation Vial containing 7mg Giry 
the inactivated Corynebactenut i 
WFEL strain CN 6134) with thiomersat ina 
dried toma. Uses Alleviation of malignant 
effusions and malignant ascites. Dosage 7- 
recommended, although some patients hav 
responded to lower doses. Administration F 
dried Coparvax should be reconstituted ^ 

of physiological saline for injection and ditute: 

a turther volume of 10-20 mi prior fo injection: 
suspension should be injected. within 24 hours 
reconstitution. into the pleural or peritoneci cavity 
via the paracentesis needie immediedely cat eri 
effusion has been aspirated. Injection rey: 
repeated, if necessary, at intervals of one fo 
weeks. Contra-indications During preqnan pn 
patients with known hypersensitivity to fic a 
Precautions The incidence and severity oi d 
effects attributable to Coparvax administered s) 
intrapleurally, appears to be intensified it given - 
within 10 days ot thoracotomy and lung resection 
probably due to enhanced systemic absorption e 
Coparvax, Coparvax shouid not De given dunng 
the immediate post-operative period: Following - 
intrapieural or intra-abdominal administration; 
leakage of Coparvax into subcutaneous tissues. 
mary result in local tenderness. Intense fibrinons 
reaction in the pleural and peritoneal cavities ha 
been observed following local administration of 
Coparvax.Intestinal obstruction due tothe fourncr 
tion of adhesions is a theoretical possibility. l 
cithough it has not been reported as d complied 
tion of Coparvax administration. Adverse effects 
Fever occurs in 10 fo 40% of patients following." 
intracavitary injection. Abdominal pain or mid 
abdominal discomfort has been reported in soriy 
2069€ of patients following inttaperitoneal instillcdic 
Nausea and vomiting may occur in a minority of 
patients following intracavilary administration o 
Coparvax. Basic NHS Cost Single vial C'ngy $3 
(PL3/009 75. 










Calmic Medical Division 

The Wellcome Foundation Ltd. 
Crewe, Cheshire : 
(Tel: 0270 583151) : 
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Trust baritoptotell you 


Baritop contrast medium: high density and Baritop 100 ready-made suspension in ring- 
low viscosity to give smooth and even pull can for easy use. Baritop G powder 
coating of the GI tract, time after time. for higher density Baritop gas producing 
The special consistency of Baritop makes effervescent tablets complete with 

the most of your double-contrast technique. defoaming agent. 


3 





excellent resolution every time 


Concept Pharmaceuticals Ltd., 
29-61 High Street, Rickmansworth, Herts. WD3 1EZ. Tel. Rickmansworth (09237) 79388. 
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Mobil XR — 

brings a micro- 
processor controlled, 
aseptic mobile 
radiography unit 

to the patient. 


The battery-powered MOBIL XR is self-propelled 
and self-contained with microprocessor controls 
providing full power exposures at 20 kW time after 
time. The adjustable counter-balance arm and a 
wide range of alphanumerically displayed exposure 
parameters allow sharp image examination of any 
organ or limb. Aseptic design with touch controls 
and total enclosure fo all components make it ideal 
for theatre use. Infinitely variable speed control 
makes it easy to manoeuvre and pull-out cable 
allows simple recharging at any power point 


For further details or a demonstration contact: 
Siemens Medical Group, Siemens Limited, 
Windmill Road, Sunbury-on- Thames 
Middlesex TW16 7HS. 

Tel. Sunbury (09327) 85691 
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In the world of mobile radiography 
Siemens has the answer. 











The Oldelft 100mm system IS 


JDE 
4000/7868 


JATE 
25784779 
SLICE 86 





10x10 cm sheetfilm photography: the most economic 


One of the assets of the Oldelft 100mm sheetfilm system is the CRT 
image display recording line. It comprises the Catodica camera-back 
and offers distinct advantages over instant camera systems in CT 
scanning, ultrasound, nuclear medicine and thermography 
the exposures are made on transparent film, have a much better 
contrast and definition, and represent the full grey scale; the use of 
100mm sheetfilm gives a considerable saving of film costs: 
the supply of fifty 100mm sheetfilms (= one Delpack' daylight 
Idelft products are sold by the leading loading film pack) and the take-up capacity of 25 exposures make 
ray equipment manufacturers sure that an entire examination can be recorded without interruption 


more efficient and more economic 
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lution for CRTt i ror” 
solution for ransparencies CIdelft 





genuine hands-off-the-camera system, thanks to the motor-driven 
film transport. 

For all these reasons, the Oldelft way of CRT image recording on Holland. Postbox 72, 2600 MD Delft 
100mm sheetfilm is to be preferred. Tel. (015) 14 59 49, telex 38011 

The Oldelft 100mm system is a sure way in every respect to improve 
the quality of your images and to save time, money and space 


nv Optische Industrie De Oude Delft 


U.S.A., Fairfax, Virginia 22030 

2735 Dorr Avenue, Tel. (703) 573 7020, telex 08$ 
Germany, Postbox 5420, D 6300 

Giessen/Lahn, Tel. (0641) 4 10 49, telex 482930 
Oldelft: quality and reliability Japan, Osaka, Postbox 1042 

Tel. (06) 309 09 61, telex 523 4170 
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When programmed 
x-ray diagnosis is 
preferred, we have the 
ideal combination 






The multipurpose Siregraph C 
automatic x-ray table has enhanced 
routine diagnostic capability, including 
aniography of the body trunk and lower 
extremities. 


The escutcheon of the Tridoros 712 MP 
generator puts all the radiographic parameters 
at your fingertips by means of microprocessor 
technology 


Programmed radiographic factors may be 
inserted by the Superintendent Radiographer or 
Radiologist and these factors are retained 
permanently under lock and key. This 70kW 12 
pulse machine maintains high voltage accuracy 
yet offers extreme flexibility with provision for 
49 programmes each for radiography and 
planigraphy. 


For full details contact: Siemens Medical Group, 


Siemens Limited, Windmill Road. Sunbury-on-Thames. 
Middlesex TW16 7HS Telephone: (09327) 85691. 


Siemens-the ultimate in 
cost effective x-ray diagnosis 


Oldelft offers you more than just a good camera... 
it gives you a complete system. 


Oldelft makes high quality 100mm cameras for image 
intensifier photography and CRT display recording 

But that's not all. Oldelft also makes a whole range of 
products that simplify the entire film handling operation 
after exposure. Together, these products make up the 
Oldelft 100mm daylight system. It's based on the use of 
10x10cm sheetfilm. But mainly it uses apparatus already 
available in radiological departments. Which means it fits 
smoothly into the department's work routine 

Nothing has to be changed 


Advantages of the 100mm 
sheetfilm system 
e the 100mm system works 
with sheetfilm - as you are 
used to in large-size radio- 
graphy - which makes for  . 
easy sorting and selection Special x-ray procedures 
and an efficient working TEE 
routine. ID 
e it works with medium-size 
film, which enables diag- 
nostic information to be À y ^E = | 
interpreted with the naked 
eye. It also cuts film and 
chemical costs and reduces Es 
x-ray dose for both patienti 
and doctor. 


e if works with the daylight 
m gazi e tec 
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format radiography 
Handling operations are 
considerably reduced and 
there is a marked increase in 
throughput of patients. 
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General x-ray di? "Tore not 
A IT dry to move the 
patient. 
— CRT display pnotography 
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The Anodica-2 image inten- 
sifier camera is capable of 
up to two exposures per 
second. It is especially 
suitable for use in cases of 
gastro-enterology, neuro- 





With the Catodica camera- 
back for CRT display recor- 
ding of ultrasound, gamma 
cameras and CT scanners, a 


with a magazine that can be 
loaded in full daylight 

The automatic film transport 
means great facility and 
quick examination 


Film copying 
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ms can be 


daylight, using normal 
large-size film processors 
without modification. 
Small daylight processors 
for instant use with the 
camera are also available. 


Viewing 

For quick quality check and 
easy diagnosis, exposures 
can be mounted in correct 
order in the Cadrix, asimple 
plastic holder, which is 
placed on the viewing box. 
For large group discussion, 
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as for example during 
teaching sessions, pictures 
can be enlarged through the 
Heliomat viewer or by means 
of an overhead projector 


Framing 








The manually operated 
Delcadro offers a simple 
method of mounting six 
exposures together in an 
economical paper frame 

In this way pictures selected 
after viewing in the Cadrix 
can be kept together for 
orderly presentation and are 
readily filed. An automatic 
version of the Delcadro is 
also available. It is especially 
effective for handling large 
quantities of film 


In brief 

The 100mm system offers 
an efficient method of 
picture registration for a 
large number of hospital 
examination areas. 

It reduces cost, saves time. 
For simple film handling, a 
sophisticated package of 
accessories is available. 
And remember - 100mm 
film offers a basis for 
planning substantial reduc- 
tion in filing space. 


logy, urology, orthopaedics, 
gynaecology and paediatrics 
Anodica techniques offset 

the disadvantages experien- 
ced with conventional large 


Cldelft 


Holland. Postbox 72, 2600 MD Delft 
Tel. (015) 14 59 49, telex 38011 
U.S.A. Fairtax. Virginia 22030 

735 Dorr Avenue, Tel. (70315 


substantially better quality 
image is obtained than is 
possible on positive paper 
film from instant camera- 
backs. The Catodica works 


nv Optische Industrie De Oude Delft 


73 7020 telex 089-2759 


Please send me more information about the 100mm system 
am particularly interested in 
how to cut film costs 
standardization on 10x10 film 
filing space reduction 


100mm spot film photography 
100mm CRT photography 
100mm copying services 
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Middx. Tel: 01-890 8166 
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is very competitively priced. The Alcyon 


ully complies with R.A.S.M.P 75. 





CGR MEDICAL LIMITED 


Astronaut House, Feltham. 
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Full details of this and other treatment linacs from: 
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A new design 
...& new technology 
yet easy to use and reliable 


from 
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Branches at Bristol, Cambridge, Edinburgh, Glasgow, 





Manchester, Nottingham. 


SHIMADZU MÉBIACUSTOMER DEMANDS 
THROUGH INHGUAMIDE ENGINEERING 


MOBILE X-RAY 
IMAG A, NSIFIER 





High quality image ................. 

e 0.4mm focus x-ray tube 

e image Brightness Stabilizer 

NM EMEND. a See 

e Square full-wave rectification x-ray 
generator 

Less x-ray radiation ................ 

e Video memory 

e Motor driven collimator 

ONAMO ODOUR corssier 

e Radiographic condition memory | 
(Optional) 

Free access to patient .............. 

e Large C-arm steering handle 








eise dann MARKETING DIV. 


iku-Mitsui B ding 1-1, Nishishinjuku 2-chome. Shinjuku-ku, Tokyo 160, Japan 


SI i I MADZWUJ: 2 A en eer PM XN 232-3291 SHMDT J 
SHIMADZU (Europa) GmbH 


CORPORATION KYOTO JAPAN | «X»! annes Weyer Str. 1 F.R. Germany 
ex: ORS5RSR39 SHIN FE 
MEDICAL x RAY SUPPLIES LTD. 
| House 53-63 Wembly Hill Road, Wembly, HA9 7PR 


^ 01-902-5 d ENC 3L AP iD 
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A cup above 
the rest... 
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*Proven results. 
Just add water and shake. 


A "Assessment of the Double Contrast Barium Meal: Method and Application. Lintott et al 
Vy "| a SATO Sate ae cee 
Clin. Radiol. (1978) 29, 313—321 
"A new method for studying barium sulphate contrast media in vitro. Some factors contributing to the 
E- 7-EM visualization of areae gastricae By Pekka Virkkunen and Minna Retulainen 


SFr €. 


Full details from: 
ce ity Henleys Medical Supplies Ltd. London N8 ODL Tel:01-889 3151 


PL/1665/0003 Produced by E-Z-EM Ltd London 





1. Finer diagnostic quality.| 2. Less exposure time. 3. Longer operating life. 


The gadolinium oxysulphide for- The Trimax System is faster - up to Trimax screens, the first of which wer 
nulation used exclusively by the 3M 90% faster than conventional systems. | introduced in 1974, have yet to show 


rimax System ensures: This means: 


any loss of speed. 


a) better definition from this high a) less radiation dosage, That's why they all come with an 
efficiency phosphor b) less chance of patient movement, | exclusive 7-year guarantee against 
b)less graininess from a finer, more c) greater use of fine focus. loss of speed. 


regular grain structure 
C) better image characteristics by 
reduced probability of scatter. 


When it comes to rare-earth x-ray systems, 
;here's only one which offers a fully comprehensive 
"ange of screens and films, designed to outperform 
all the others on the three most critical parameters 
»f: diagnostic quality, radiation dosage and 
——— J2ong-term economy. 
3M Trimax System. The most versatile, 


That's why replacement ceases to 
be a factor with the Trimax System. 


comprehensive and durable rare-earth system 
available. Specify it with confidence. 

For further information about the Trimax System 
from 3M - the leaders in rare-earth phosphor 
technology - contact: Alan Budge, X-Ray Products, 3 
United Kingdom Ltd, 3M House, PO Box 1, Bracknell 
Berks, RG12 1JU. Telephone Bracknell (0344) 58458. 


3M and Trimax are trade mar 
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utomatic, Computer-controlled Dynamic 
1d High Resolution Static B-scanning 


e Sonography System RA-1 diagnostic ultra-sound 
anner uses sophisticated, computer-controlled 

age processing to achieve superior image resolution. 
e advanced, state-of-the-art scanheads comprise: 
.FOV scanheads for multiformat abdominal 

anning. 

NV scanheads for high frame-rate scanning. 

small parts scanhead, incorporating Doppler with 
ectral Analysis, for superficial vessel and organ studies, 
neonatal and paediatric scanning. 

e modular design guards against obsolescence whilst 
mitting expansion and the ability to retrofit new 

aging techniques as they are developed. 





Universal Computer-controlled 
High Resolution Static B-scanning 


The Universal Pho/sonic-SM fully-integrated computer-controlled, high 
performance ultrasound scanner which produces excellent image 
resolution. It isdesigned to meet individual requirements through a variety 
of system options, including: 

# Wide range of transducers  :: Image Process Functions 

# Area, Circumference and Volume measurements. 

4: Obstetrics measurement facility : Floppy disc interface 


Future improvements to the image processing may be incorporated due to 
the flexible computer software. 


Other Siemens ultrasound equipment is available, including the IMAGER 
2300, a Dynamically Focused Linear Array Real-Time B-scanner. 

For full details write to: Siemens Medical Group, Siemens Limited, 
Windmill Road, Sunbury-on- Thames, Middlesex TW14 7HS. 

Telephone Sunbury (09327) 85691. 


„Siemens gives you the choice! 


HENDERSON = 


COLONIC LAVAGE UNIT 


The Henderson Colonic 
Lavage provides a simple, 
effective and safe apparatus 
for washing out the large 
intestine and the terminal 
ileum of the small bowel. 


The Henderson Colonic 
Lavage is indicated for patient 
preparation prior to surgery 
or radiography. 

An important feature of this 
machine is, that as fluid is 
withdrawn from the patient, 
air is admitted to maintain the 
full lumen of the bowel, 
permitting complete fluid 
evacuation and assisting 
further faecal removal. 





Macarthys Surgical Ltd 


DAGENHAM BIRMINGHAM GLASGOW LIVERPOOL MANCHESTER 

Selinas Lane Unit 25/28 301-3 Glentanar Road 201-3 London Road Precinct Centre 

Dagenham, Essex RM8 10D Edgebaston Shopping Centre Balmore Industrial Estate Liverpool L3 8JS Oxford Road 

Tel.: 01-593 7511 Hagley Road Glasgow G22 7UG Tel.: 051-207-1348 Manchester M13 9GS 
Birmingham B16 8SH Tel.: 041-336-8782 Tel.: 061-273-6754/5 


Tel.: 021-454 6713 











Clinical and 
Experimental 
Applications of 
Krypton 81m 


Edited by J. P. Lavender 


British Institute of Radiology 
Special Report 15 


This work is composed of papers presented at an 
International Meeting held in June 1977 con- 
cerned with a new physiological tool ; the use of a 
very short-lived radioactive gas krypton 81 m. 


Krypton 81m is a noble gas with a 13 second half 
life available from a portable generator with a half 
life of 4% hours. Although known for a number of 
years it has only been used with any frequency by 
physiologists and clinicians since 1975. 


The first section of the book deals with the 
production of the parent isotope rubidium 81 and 
the design of generators. The second section 
comprises a series of papers concerned with the 
use of the equilibrium image as both a picture and 
a measure of regional lung ventilation and per- 
fusion. It also outlines problems of deriving 
absolute values of lung function. In the third 
section, papers illustrate the use of krypton 81m 
as a clinical tool in the diagnosis of pulmonary 
embolic disease and other pulmonary diseases 


and compare such information with that obtained 


from the more familiar xenon 133. In the last 
section the use of intra-arterial krypton as a 
marker of regional myocardial and cerebral blood 
flow is discussed. This technique, which has been 
most highly developed in the case of the myo- 
cardium, allows detailed images of the myo- 
cardial perfusion to be recorded. Perhaps its 
clearest application is in following rapid changes 


of regional myocardial perfusion in response to 


transient ischaemia, stress and drugs. 

The discussion following each paper allows an 
assessment of the value and place of this new 
technique. 


Price £12 


ISBN 0905749014 
ISSN 0306-2120 


Orders to: 


Publications 

The British Institute of Radiology 
36 Portland Place 

London W1N 3DG 


or your local bookseller. 














SOUTH AFRICA 
JUNIOR RADIOLOGIST 


required for busy 260 bedded private hospital in 


JOHANNESBURG 


British trained with DMRD qualification. Salary 
R48000 p.a. (approx £28,235). Air fare paid. 
Free accommodation. Car provided. Low cost of 
living. 

To apply contact: Sue Bentley, Medic Inter- 
national Limited, 49 Camden High Street, 
London NWT. 






Fellowship in Brachytherapy 





Two positions available July 1, 1982, 
with research and O.R. opportunities, 
emphasizing lung and prostrate. 
Three years of radiotherapy training 
and VQE required. 


Apply: Dr. Beryl McCormick, 
Memorial Sloan-Kettering Cancer Center, 
NYC, NY 10021. 





University of the Witwatersrand, Johannesburg 
and 

Johannesburg Hospital, 

Transvaal Department of Hospital Services 


PROFESSOR OF RADIATION THERAPY/ 
CHIEF RADIATION THERAPIST 


Applications are invited for the post of Professor of 
Radiation Therapy and Chief Radiation Therapist at the 
Johannesburg Hospital, 


The appointee should be registrable with the South 
African Medical and Dental Council as a specialist in 
Radiotherapy. 


Duties are to be assumed on 1 January 1982, or as soon as 
possible thereafter. 


Salary will be R29190 per annum (fixed) and an 
additional non-pensionable allowance of R8 400 per 
annum is payable for approved additional duties 
performed. 


Interested persons are invited to obtain the information 
sheet relating to this post from the London Representative, 
University of the Witwatersrand, Chichester House, 

278 High Holborn, London WC1V 7HE, or from the 
Registrar (Staffing), University of the Witwatersrand, 

Jan Smuts Avenue, Johannesburg, South Africa 2001, 
with whom applications should be lodged by 

23 October 1981. 
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Tì Ximatron 5 
E Treatment Planning Simulator 
The Ximatron 5 is the most 


accurate and versatile 
M treatment planning 
unit in the world, 
and the product 
of over fifteen years 
of simulator development 
and manufacture. 
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Forever mindful of the E 
future, T.E.M. have T 
incorporated the Ximascan á 
into the Ximatron 5. 
This facility allows a digital 
tomographic scan of the patient 
to be taken. 


Variable speed controls facilitating 
quick and easy setting and 
planning procedures, providing digital 
readouts with a B.C.D. output. 





The Ximascan may be interfaced 
directly to the T. E.M. treatment planning 
computer system. 
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The POLYPHOS 300 multi-pulse generator, through 
2 utilisation of ultra-modern micro-computer elements, 
fers a high degree of operating flexibility, unique when 
mpared with units of a corresponding power 
assification. It can be universally employed with 
agnostic X-ray examination units for radiography, 
oroscopy or planigraphy. 

The multiprogramming system (organ related 
posure technique) enables any freely selectable 
posure parameter to be incorporated into an organ- 
lated program, by the operation of a single button. 


‘atures include: 

Highly compact design, requiring minimum installation 
area. 

Single-tube unit utilizing medium frequency converter 
technology. | 

Rapid high-voltage and tube current regulation during 
exposure. 

Short exposure times. 

Continuously falling load. 

Up-to-the-minute technology, with micro-computer 
elements. 

Smooth control panel with touch buttons. 

Flexible extension system. 

High dose yield as a result of the multipulse 
configuration. 


ir full details contact: Siemens Medical Division. 
emens Limited, Siemens House, Windmill Road, 
inbury-on- Thames, Middlesex TW16 7HS. 

l: Sunbury-on- Thames (09327) 85691. 

lex: 8951091. 


,iemens — X-ray innovation is our business 


van jiography - NT 
e a“first order” diag 


1 ^ no soris technique 
: o no femoral puncture or 














XX 





“EVERYTHING X-RAY” 


THE ELEVENTH (GOLDEN) EDITION 


Just to remind you, without reprinting here the whole 13-column de- 
tailed index, of some of the things included in the above edition of this 
catalogue, which was first published in 1934: 


LYSHOLM grids, Smit grids, protective sheaths, gridded cassettes et 
cetera. 


CASSETTES with intensifying screens, intensifying screens without 
cassettes, cassette trolleys, cassette holders, cassette chests, cassette 
tunnels, cassette hatches et cetera. 


X-RAY FILM VIEWERS of all makes and types, horizontals, splash- 
proofs, gas-tights, lecture units, transparency viewers and slide holders, 
wet film attachments et cetera. 


DARKROOM ACCESSORIES, lamps and filters, film bins, manual 
processing units, mixing plungers, syphons, drying cabinets, immersion 
heaters, thermometers, exhaust fans and light-proof grilles et cetera. 


FILM MARKERS of all types, light markers, Cellumarks, cassette 
clips, lead letters, perforators, self-adhesive labels et cetera. 


PROTECTIVE ARTICLES, aprons, gloves, gonad and ovary protectors, 
mobile screens and seats, lead plywood, lead glass, the new clear lead- 
plastic sheeting et cetera. 


PHILIPS 'ULTRA' SCREENS have arrived since publication. Speed and 
definition are strictly comparable with Ilford Fast Tungstate but prices are 
17% to 37% lower. 
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Telephone 01—580 4189 (Editorial) and 01—580 4085 (Institute). 
The Advertising Department remains at 24a Litchfield Street, 


| 

| 

36 Portland Place, London W1N 3DG 
| 

| 

| London WC2H 9NX (telephone 01—836 5281). 

| 


The noes have it! Do they? 


Silvanus Thompson Memorial Lecture, February 18, 1981 


By John Mallard, D.Sc., F.Inst.P., F.L.E.E., F.R.C.Path., F.R.S.E. 
Department of Bio-Medical Physics and Bio-Engineering, University of Aberdeen, Scotland 


( Recerved March 1987) 


I was shattered to be invited to give this Memorial 
Lecture, so much so that it was a long time before my 
little grey cells could summon up the courage to 
accept and fix the date. My feelings of panic were 
made worse when I saw the list of earlier lecturers— 
a list which includes Rutherford, Lodge, de Broglie, 
J. J. Thomson, the Braggs, father and son, Edding- 
ton—-great names which tower like skyscrapers in the 
history of modern physics; and then, more recently, 
great people whom I have met and have had the 
privilege of talking to and learning from-—Russ, 
Sievert, Stead, Gray, Mayneord, Mitchell, Lamer- 
ton, Johns, Hounsfield. However, we are now into 
the 1980s and I can only conclude that the BIR 
Council must be TV buffs and must have asked me 
because my initials are J. R. and I come from a far- 
distant oil city. 
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This is the 59th lecture in memory of Silvanus 
Phillips Thompson (Fig. 1). He was a brilliant 
physicist, a mathematician and an engineer. It is 
forgotten that he was the British discoverer of radio- 
activity. It is clear from Silvanus’s biography 
(Thompson and Thompson, 1920) that during 
February 1896—the month after the report in the 
Lancet of Róntgen's photographic action of X rays— 
Thompson found a photographic action from 
uranium salts, even through aluminium sheet which 
was impervious to X rays. He wrote to the then 
President of the Royal Society on February 26th, 
1896, who encouraged him to publish his results. 
Thompson's paper was not read until June 6th but 
by then Becquerel had published an account of his 
work, of which a preliminary account had appeared 
in Comptes Rendus for February 24—only two days 
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Silvanus Phillips ‘Thompson (Thompson and Thompson, 
1920). 


before Silvanus’s letter. There's a moral here, | 
suppose, "Publish and be damned”, but from now 
on | am going to refer to the new SI unit of radio- 
activity as being the Becquerel-Thompson, in the 
same way as we say Geiger- Müller tubes. Maybe the 
longer name will help to make this verv small unit 
scem bigger. 

Thompson's interests were wide and his contri- 
butions were many. They include crystallography 
and gems—hence this caricature (Fig. 2) drawn by 
one of his friends during a brilliant lecture by him at 
the Royal Institution. He was interested in magnet- 
ism—he translated his own personal copy of the 
manuscript of the first recorded scientific investi- 
gation of magnetism in the 13th century by Peter the 
Pilgrim, a wandering soldier of fortune: there are 
only about 20 copies in existence—and he personally 
decorated the printed copies of his translation. He 
was also an authority on luminescence, optics and 
sound. In my more imaginative moments, I like to 
think that he would be interested to hear about the 
uses to which these various physical phenomena are 
being put today, which is what I intend to talk about. 


Brother Maagnetyjer. 
Fic. 2 
Caricature of Silvanus Thompson (‘Thompson and Thomp- 
son, 1980), 


There are now so many new uses of them bubbling- 
up at this time that I thought that I would break 
away from the major tradition of this Institute and 
these Memorial Lectures, and talk about the poten- 
tial uses in medicine of non-ionizing radiations and 
magnetism. 


TELE- DIAPHANOGRAPHY 

There is much interest in the early detection of 
breast cancer. In America one woman in 11 gets the 
disease (Strax, 1980), and if it is detected at a very 
early stage a real cure is feasible. Whilst prevention 
is the ideal goal, the next best line of attack is to 
detect it in apparently-well women. This means a 
mass screening procedure. It is very important to 
realize that a mass screening test is not intended to 
be diagnostic—it is helpful if it is, but its real purpose 
is to sort out those who may benefit from more 
exhaustive diagnostic investigations. 

It is now clear that palpation and X-ray mam- 
mography offer the most reliable diagnosis at present 
but, due to the radiation dose, there is a small but 


finite risk of inducing cancer—an increased risk of 


^ 
132 


5. 


OcrosBzEn 1981 


The noes have it! Do they? Silvanus Thompson Memorial Lecture 1951 





195 per rad (NCRP 66). Strenuous attempts over the 
last decade have been made to reduce this dose and 
the examination can now be done with a mid-plane 
dose of 0.5 cGy (rad) down to 0.05 cGy (NCRP 66). 
Whilst this is acceptable for diagnosis, if this ex- 
posure were to be repeated every year or so to well 
women as a screening test, the risk would still be 
finite. This fact has, of course, led to considerable 
interest in other techniques where the risks are 
believed to be negligible or zero; for example, ultra- 
sound and infrared thermography. In addition, the 
more techniques that are used for screening or diag- 
nosis, the higher the overall accuracy. 

In thermography one detects the increased infra- 
red emission arising from an increased tumour 
temperature. The extra heat is lost mainly by in- 
creased blood flow in dilated superficial vessels. 
‘Thermography has been disappointing as a screening 
procedure used in isolation, due to a relatively high 
false-positive rate. This arises because often super- 
ficial blood vessels are not always above a tumour; 
non-malignant diseases may also increase the tem- 
perature; the contraceptive pill gives abnormal 
patterns; and bilateral disease is difficult because 
there is not a normal breast for comparison. The real 
problem is finding the early small tumours. 

In Aberdeen, equipment to shine light through the 
breast (diaphanography)* is being modified and 
improved (Watmough, 1981). The torch is a cooled 
bright light source and the examination is carried 
out, after dark adaptation, in a completely darkened 
room. The idea goes back a long way (Cutler, 1929; 
Wilson, 1936). The basic idea seems to have had 
wide general use because simple devices were avail- 
able for other applications by general practitioners in 
1936 (Bailey)T. Nevertheless, for breast examination 
the method lay largely unused until it was reintro- 
duced by Ohlsson et al. (1977). 

The physical phenomenon which is being used is 
the transmission of light through soft tissues and 
there is confusion in the literature. Figure 3 shows 
results of measurements (Hardy and Muschenheim, 
1934; Hardy et al., 1956). One shows a transmission 
of 194 maximum through a millimetre of white 
breast skin and subcutaneous tissue, whilst the later 
work is about 25°. However, peak transmission at 
about 1 pm is common to both. Fortunately, the 
radiation emission curves from tungsten lamps above 
2500 K shows a peak at 1 um. The present commer- 
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*Sinus Medical Equipment AB, Norrlardsgaten 31-33, 
11143 Stockholm, Sweden. 

TGenito-Urinary Manufacturing Co. Ltd., 3 Plympton 
Street, London NWS. 
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Spectral transmittance of skin and tissue. Upper curves, 
Hardy et al. (1956). Lower curve, Hardy and Muschenheim 


(1934). 


cial apparatus consists of the torch, which also has a 
flash exposure; a transmission colour photograph 
is taken with infrared sensitive film. In general, 
carcinomata are seen as dark. T'here is some evidence 
that the tumour tissue itself absorbs more light, and 
in addition there is a contribution from the increased 
absorption of light by the blood in the venous dila- 
tion associated with the tumours. Benign cysts show 
as more transparent. 

In a small preliminary series (Hussey et al., 1981) 
carried out in Aberdeen using the commercial 
prototype, diaphanographv seems as accurate as 
mammography for the detection of carcinoma 
(Table I). One carcinoma missed by mammography 
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Tele-diaphanography system using TV camera and display 
198 1). 
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was picked up by diaphanography, and vice versa. In 
this Aberdeen series, no lesions were less than 8 mm. 
but smaller ones down to 5 mm have been reported 
from the Swedish series. The technique looks useful, 
but needs improvement to find smaller lesions and to 
make it a quicker examination. A system using a TV 
camera with a zoom lens and filter is now being used, 
the output passing through an alpha-numeric 
generator to record the patient's data, a video 
recorder and a monochrome monitor (Fig. 4). The 
image is immediately available for interpretation, 
Experiments with an appropriate phantom (Wat- 
mough, 1981) show that 6 mm diameter lesions are 
clearly visible using the appropriate aperture of the 
light source to reduce scatter. Figure 5 shows a 
carcinoma detected by this system. The use of a 
colour TV system will exploit the colour changes 


observed with different disease states. 
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ULTRASOUND HYPERTHERMIA 

Ultrasound is used at low power levels for diag- 
nostic imaging, but can also be used at power levels 
10000 to 100000 times greater to deposit sufficient 
heat in tissue to increase its temperature. This has 
been, and still is, used in physical medicine for the 
relief of pain in soft tissue injuries, the acceleration 
of wound healing and the reduction of scar-tissue 
formation. It is also used for the destruction of 
tissue, such as warts and middle ear structures in 
Meniére's disease. There is now rapidly growing 
interest in using ultrasound for a form of tumour 
therapy by hyperthermia. 

There are many physical effects of ultrasound such 
as cavitation, streaming, disruption of cellular mem- 
branes and even induced oscillation. of cellular 
membranes (Watmough et al., 1980). It may be that 
with more knowledge of them, these effects can be 
used to enhance tumour tissue damage but, for the 
moment, it would seem that the thermal effects pre- 
dominate and give by far the greatest biological 
damage (Lele, 1975). 

Experimentation over the years has led to the 
conclusion that one needs to raise the temperature of 
the tissue to between 42° and 45°C for many hours to 
obtain a breakdown of cellular biochemistry leading 
to a local reactive hyperaemia. This leads to a local 
coagulated necrotic lesion without haemorrhage, so 
that the chance of metastatic spread is very small. 
There is some experimental evidence of failure to 
induce metastases by irradiating intraperitoneal 
tumours with ultrasound (ibid.). There is also evi- 
dence of cancer tissue being more sensitive to heat, 
this depending upon tumour type, but only between 
42" and 45°C. At lower temperatures there are 
reports of stimulated growth and at higher tempera- 
tures the difference in heat sensitivity between 
tumour and normal disappears (Short and Turner, 
1980). So in the clinical situation one wants to have 
the tumour at a higher temperature than the sur- 
rounding tissue, in order to spare the normal tissue 
unnecessary damage, and for some tumours a heat- 
ing to higher than 45°C for 30 minutes or more 
seems desirable. Bowl-shaped transducers can be 
used to generate a focused beam and direct it to the 
tumour (Lele, 1979). 

Work is in progress in Aberdeen to evolve a 
practical system for ultrasound hyperthermia. Cal- 
culations have been carried out to try to determine 
the optimum irradiation from the physical point of 
view (Hynynen et al., 19812). Figure 6a shows that 
the focus is deepest at 1 MHz, whatever the size of 
the transducer. At lower frequencies the focusing 
effect 1s not good. At higher frequencies it 1s better 
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but there is more absorption of the ultrasound, so 
the focus itself cannot be thrown so deep. Experi- 
ments demonstrating the heating effect by irradiating 
a gelatin phantom with a focused transducer have 
been carried out. An infrared thermograph has been 
used to display the heating effect. Focal hot spots in 
agreement with the calculations have been observed 
(Fig. 7). However, the use of a gelatin model is not 
good because the attenuation of ultrasound in gelatin 
is much lower than that in normal tissue. Figure 6B 
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(A) Calculated maximum distance of focal point of spherical 
bowl-shaped ultrasound transducers of diameter from 20 to 
100 mm as a function of frequency. (Hynynen et al., 19812). 


(B) Off-axis distribution of temperature in the focal plane of 
a focused ultrasound transducer (from Hynynen et al., 
1981b). 


~ 


5 


ant 


VoL. 54, No. 646 


7. Mallard 


Y j 


, 
n 
y 
» 
d 
. 
B 
- 
B 
B 
E 


i 


Fic. 7. 


The focal hot spot from a 1 MHz ultrasound transducer of 


38 mm diameter and radius of curvature 70 mm. An infra- 

red thermograph has been used to demonstrate the temper- 

ature changes. The transducer itself is seen at the top. 
(Hynynen et al., 1981b). 


shows the width of the temperature distribution in a 
uniform muscle, allowing for the thermal conduction 
of heat away from the irradiated volume. At 1 cm 
from the focus, the temperature elevation is just 
below one half of that at the focus. 

However, of course, the patient is not just a block 
of gelatin or uniformly made of muscle. A one- 
dimensional computer model has been developed 
which allows for such in-vivo factors as the blood 


flow in the tumour, vasodilation, different sizes of 


tumour, and the different ultrasound absorptions in 
different tissues (Hynyen ef al., 1981b). The model 
assumes a uniform ultrasound irradiation stretching 
3.5 cm on both sides of the centre. The blood flow 
carries away the heat from the region being heated 
and 4 to 5 times higher power input is needed than 
when there 1s no blood flow. Blood flow in tumours 
varies greatly: the rapidly growing periphery is 
usuallv well perfused, but the centre can be necrotic. 
The average value in the tumour core is only 1°, to 
30". of the blood flow in the host tissue, which 
makes it easier to heat the core. Figure 84 shows this 
as the tumour- 
smaller, so the temperature 
achieved is higher. However, the well-perfused 
periphery has a greater blood flow than that of the 
host tissue and therefore does not reach such a high 
temperature (Fig. SB). To increase the concentration 
of the ultrasound energy to the outer part, more than 
one irradiating field might be used, as one does in 


clearly from the computer model 


core blood-flow is 


normal X-ray therapv, or alternatively the focus could 
be moved about over the tumour volume. Another 





TABLE II 


"CHEME FOR TREATING PATIENTS WITH ULTRASOUND 

















Temperature: Surrounding tissue <45 
| 'Tumourz 45 

* L] : ki 

lime: i0 min 


| requency | MHz 

l'ocused transducer: spherical and or 
manv overlapping fields 

}-dimensional movement of the 
transducer to improve uniform heating | 
in the tumour 

Computer model to predict temperature 
distribution during treatment 

2-3 invasive thermocouple probes 
(diameter <0.1 mm) to calibrate 
computer model for each patient 

Treatment can be repeated as many times as necessary if 

X-irradiation has not been used. 

Irradiation: If used, 3-4 h after hyperthermia 

treatment (‘Tumour cells more 

sensitive to radiation than normal cells 

at this time) 


Equipment: 











approach would be to treat with radiotherapy or 
chemotherapy the malignant cells which are still 
viable after ultrasound hyperthermia. 

Another problem im vivo is that when tissue is 
heated the blood vessels dilate and the blood flow 
increases to take away the unwanted heat. In muscle 
and fat, the blood flow may increase to ten times 
higher than normal. However, blood vessels in the 
necrotic core and even those in the well-perfused 
front of the tumour cannot do this. The effect of 
this factor, which increases the temperature rise in 
tumour relative to host tissue, even in the periphery, 
is seen in Fig. 8c. 

As a result of thermal conduction in tissues the 
temperature rise in small tumours is lower than in 
large ones: it is easier to increase the temperature of 
a large tumour than a small one. Figure 8p shows the 
eflect which would result if tumours had a higher 
ultrasound absorption coefficient than the host tissue. 
There is some evidence that this may be so (Kikuchi 
et al., 1957). 

These calculations do not include any beam focus- 
ing on the tumour, nor the use of multiple fields or 
transducer movement to spread the heating. A pos- 
sible therapy regime is outlined in Table II. Animal 
experiments are in progress. 

The computer model may be used to predict the 
temperature distribution but some calibration points 
are needed by measuring the temperature at depth. 
This is not easy as it is not really practicable to use 
thermocouples at depth. A non-invasive tempera- 


ture-measuring device is needed. In addition to 
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Calculations from a hypothetical computer model of the temperature profile across a 2 cm diameter "tumour" embedded in 
normal liver tissue irradiated with a uniform beam of ultrasound of 7 cm width centred on the tumour. Four different 
variables are dealt with separately (Hynynen et al., 1981b). 


this problem. possible side effects of the high- 
intensity ultrasound radiation, such as haemolysis, 
need to be carefully considered (Wong and Wat- 
mough, 1981). 


LYOLUMINESCENT DOSIMETRY 

Lyoluminescence is the emission of light when a 
solid material which has been irradiated 1s dissolved 
in a liquid. It was first observed in 1895, shortly 
after the discovery of X rays. It lay unused, until a 
few vears ago it was rediscovered by Dr. Ettinger and 
exploited as a new form of radiation dosemeter 
(Atari et al., 1973). 


When a solid is irradiated photoelectric absorp- 
tion, Compton absorption and pair production cause 
ionization and some of the freed electrons become 
trapped somewhere in the energy band structure of 
the solid crystalline lattice. In inorganic crystals such 
as common salt they are trapped in impurity centres 
called F-centres or V-centres. In organic crystals, 
such as sugars, molecular radicals are formed with an 
extra unpaired electron. The crystal lattice impedes 
the movement of these radicals, so the surplus energy 
from the ionization is stored within the solid crystal 
lattice. However, as soon as the crystal lattice is 
brought into contact with a solvent it disintegrates, 
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the radicals are able to move and they combine with 
one another, the surplus electron energy being then 
released as photons of light. 

The amount of light is proportional to the radi- 
ation dose over a very wide range (Fig. 9) (Ettinger 
et al., 1977). Each sugar is different: mannose dis- 
solves easily in water and gives plenty of light. To 
measure the light, the irradiated crystals are placed 
in the hopper of a readout device (Fig. 10) and are 
dropped into the cell filled with solvent. The light 
photons emitted are detected by a photomultiplier 
tube and the integrated output is a measure of total 
hght emission, which in turn is a measure of radi- 
ation dose. Carefully calibrated materials provide a 
2-395 reproducibility. 

The technique is capable of being used for a wide 
range of application from the very high doses (105 
cGy (rad) upwards) used for radiation sterilization of 
medical supplies, for example, to the medium range 
of doses (10 to 10* cGy) for radiotherapy. It is hoped 
that it can be used for the low range of doses (10-! to 
10 cGy) for radiation protection measurements — 
personnel dosimetry—by adding light sensitizers to 
the solvent, but this has not fully been achieved yet. 

It is now being used for radiotherapy dosimetry in 
Aberdeen (Ettinger et aL, 1980). Small plastic 
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The radiation dose response when three irradiated saccha- 
rides are dissolved in water (Ettinger et al., 1977). 









blisters of mannose are sealed, attached to the skin 
and irradiated during the treatment. The blister is 
then broken and the sugar dissolved in the readout 
machine. Àn automated readout machine is being 
constructed. The sugar can be kept for several 
months before there is any significant loss of signal 
but it must be kept dry. Individual batches need 
calibrating—they vary by a few per cent only. 

The atomic compositions of the sugars are very 
close to that of tissue (Table III) The average 
atomic numbers and the numbers of electrons per 
gram are almost the same, so that Compton, pair 
production and photoelectric effects will be similar. 
The dose recorded by the sugar gives a correct 
indication of the dose delivered to the tissue over 
a wide range of energies, much closer than other 
dosimetric methods (Fig. 11). In addition, this 
applies whatever the radiation—X rays, y rays, 
neutrons, heavy ions, pi mesons. For particulate 
radiations there is no other tissue-equivalent tech- 
nique available at present, and lyoluminescence is 
proving to be of great practical usefulness. 

Lyoluminescence is really a special form of the 
general phenomenon of chemiluminescence. With 
very sensitive light-measuring instruments it can be 
shown that the inside of the living human body is not 
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The lyoluminescent readout device. 
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dark but that there is a persistent faint glow which 
accompanies the chemical reactions of metabolism— 
bioluminescence (Zhuravlev, 1974). It appears that 
there is a change in its nature and intensity with some 
disease states and also with irradiation. It seems fair 
to say that lyoluminescence not only uses materials 
of the same composition as the body, but the light 
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emitting processes themselves are closely akin to 
processes taking place im vivo. 


NUCLEAR MAGNETIC RESONANCE IMAGING 

For the remainder of this lecture, the ancient 
problem of water divining is the subject but in the 
form of finding and imaging water in the body by 
nuclear magnetic resonance (NMR). The work of 
the NMR group, which I set up in Aberdeen in 1972, 
iS briefly reviewed. The main designer of the NMR 
imaging machine, developed over eight years, is 
Dr. J. M. S. Hutchison, assisted by Dr. R. Suther- 
land (1975-78), Dr. W. Edelstein (1978-80) and 
G. Johnson, T. Redpath and R. Selbie, whilst the 
biological programme has been carried out by Dr. R 
Gordon (1972-75), Mrs. R. Ling (1978-81), and in 
the main by Dr. M. Foster. 

Radionuclide imaging or isotope scanning is a way 
of learning something about a patient, by determin- 
ing the distribution of a particular atomic nucleus in 
the body. It is done by detecting the y-ray photons 
which the nucleus emits in its radioactive decay. 
NMR is a new and quite different form of nuclear 
imaging. It is another way of localizing a particular 
nucleus in the body, and one does it by detecting the 
radiofrequency fields which the nuclei radiate after 
they have been excited in a particular way. No 
radioactivity is involved at all—merely the natural 
physical properties of particular atomic nuclei. 
There are no injections of anything. It is a non- 
invasive procedure. 

NMR spectroscopy has existed since 1945. It has 
been used almost entirely by physicists, chemists, 
biologists and biochemists to study atomic and 
molecular structure. The possibility of using NMR 
for imaging was not proposed until 1973 (Lauterbur) 
and this has stimulated considerable activity over the 
past several years (Hutchison et al, 1974; Kumar 
et al., 1975; Hinshaw, 1976; Damadian et al., 1977; 
Mansfield and Pykett, 1978; Hoult, 1979; Mallard 
et al., 1980; Holland et al., 1980). The potential 
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TABLE Ill 
DOSIMETRIC DATA FOR STANDARD MUSCLE AND SOME LYOLUMINESCENT MATERIALS 
| Composition (95) 
No. of electrons . — 
Material | Z. 2 per g x 1053 H | C | O N 
Standard muscle ae 6.6 3.36 10.2 12:3 72.9 3.5 
Glucose. H20 7.0 6.4 3.22 7.1 36.4 56.5 — 
Mannose 7.0 6.4 3.21 6.7 40.0 53.3 _ 
Trehalose. 2HeO | 7.0 6.4 3,42 6.9 | 38.1 55.0 — | 
Valine | 5.4 5.6 3.29 9.5 | 51.2 47.3 12.0 | 
i ] | | 
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Spinning Top in Gravitational Model of Spinning Nucleus 
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Frequency of Precession Proportional 
to Applied Magnetic Field Strength 
Fic. 12. 
The analogy between the precession of the nuclear magnet- 
ism around an applied magnetic field and the precession of a 
spinning top around the gravitational field. The frequency 


of precession is proportional to the applied magnetic field 
strength. 


measurable by NMR, such as the concentration of 
hydrogen nuclei (protons) from water in body 
tissues, or NMR relaxation times of these protons, is 
considerable. It is the natural body water which is 
imaged. 


The principle of N MR imaging 

It helps to go back to childhood days of whip and 
top (Fig. 12). The top was spun about its axis by the 
whip but it also wobbled around the vertical, 
particularly as it slowed down. This wobbling is 
called a precession. The protons of hydrogen also 
spin and have an associated magnetic field. They 
behave like very tiny bar magnets of a definite 
strength or magnetic moment. If they are placed in a 
magnetic field, they will line up more or less parallel 
to that field and will precess around it, as the top does 
around the vertical gravitational field. The rate or 
frequency of this precession is proportional to the 
magnetic field strength in which they are placed. 

In nuclear magnetic resonance, one makes use of 
this precession to study the atomic nuclei and their 
surroundings by irradiating them with electro- 
magnetic radiation of exactly the same frequency as 
their precession. At that frequency they absorb 
energy from the radiation —a resonance absorption — 
and change their alignment relative to the applied 
magnetic field. It is even possible, for example, to 
turn them through 180^ and flip them over, if the 
magnetic field and the appropriate radiation are 
applied simultaneously as a pulse—a 180° pulse. It is 
also possible to turn them through 90°—a 90° pulse. 
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Pictorial illustration of the shorter proton spin-lattice relax- 

ation time (T1) associated with a well-ordered structure of 

close-by molecules, and the longer (71) of a less ordered 
structure with molecules further away. 


NEIGHBOURING MOLECULES 
FURTHER away 


The frequency of radiation which has to be used is in 
the radiofrequency band normally in the region of 
MHz or tens of MHz. 

After a 90° pulse, the nuclei have surplus energy 
which they radiate to their surroundings at the same 
resonant frequency. From a sample containing 
large number of such nuclei, one by one they are 
then able to relax back to their original alignment so 
that the sample reradiates its resonant frequency: 
this is detected and measured. After a 180° pulse, the 
surplus nuclear energy is absorbed by the surround- 
ing medium. The length of time needed for this is 
associated with the environment of the protons 
because the easier it is for them to pass energy to 
neighbouring atoms of the lattice of which it is a part, 
the quicker they can return to their original state; the 
strength of the signal falls exponentially with time at 
a rate characteristic of their environment (Fig. 13)— 
a measurement known as the spin-lattice relaxation 
time, 71. 

Consider the simple example of two tubes of water 
lying side by side in a uniform magnetic field (Fig. 
14). By irradiating them with electromagnetic waves 
of the appropriate part of the spectrum and varying 
the frequency from low to high, one can find the 
resonant frequency at which the protons of the 
hydrogen atoms are flipped over. Having found that, 
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The NMR spectrum from two tubes of water placed in 

(above) a uniform magnetic field and (below) a uniform 

magnetic field gradient (after Lauterbur (1973) and Foster 
and Hutchison (1980)). 


one can then measure the rate at which the system 
relaxes back. However, it is not possible to distin- 
guish between the two tubes of water because both 
have been subject to the same magnetic field and 
hence have the same resonant frequency; but if one 
now adds a field gradient to the applied magnetic 
field, so that the field is stronger on one side than the 
other, one tube will be in a slightly stronger field 
than the other and will resonate at a slightly higher 
frequency. This time, when the frequency of radi- 
ation is swept from low to high, the tube positioned 
in the lower field will absorb energy and then re-emit 
it at a lower frequency than the other tube (Fig. 14). 
Thus some information has been obtained on the 
position of the two tubes in the field, measured from 
the different frequencies, which can distinguish 
between them spatially. 

If, as in Fig. 14, one tube is bigger than the other, 
then it will contain more water protons and the size 
of its signal will be larger, so that from the frequency 
of the larger signal it is possible to decide which of 
the tubes is the bigger one. To carry this example 
further, if one of the tubes were to be filled with 
water containing a small amount of a substance such 
as copper sulphate, which enables the protons to 
relax faster, then by measuring the time taken for the 
signal to decay at the two different frequencies it is 
possible to measure the relaxation time of the pro- 
tons in each tube separately and, from the different 
decay times, so identify the tube containing copper 
sulphate. 

We have, therefore, the basic information to pro- 
duce a spatial image of the proton concentration 
distribution and the relaxation time distribution in a 
complex sample. The lower spectrum in Fig. 14 is a 
one-dimensional profile of proton concentration, and 
by sampling this profile with the magnetic field 
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Fic. 15. 
The Aberdeen whole-body NMR imaging machine (before 
completion). Dr. J. M. S. Hutchison is in the position of the 
patient. The machine is screened from radiofrequency inter- 
ference by the surrounding metal room. 


gradient applied at a series of equally-spaced angles 
around the tubes, a two-dimensional map of the 
distribution of proton concentration can be recon- 
structed (Lauterbur, 1973), using the principle now 
known generally as computed tomography. 

The NMR imaging programme in Aberdeen began 
in 1974 by producing an image of a whole mouse 
using this method (Hutchison ef al., 1974), which by 
displaying Tı from point to point demonstrated liver 
of short Ti, brain of longer T, and tissue oedema of 
longest 7}. 


The Aberdeen NMR whole-body imaging machine* 
Complete descriptions of the present machine and 
its electronic subsystems are given in Hutchison et al. 
(1980). It is based on a four-coil, air cored-electro- 
magnet manufactured by the Oxford Instrument 
Company (Fig. 15). It produces a static magnetic 
field of 0.04 T and a consequent NMR frequency of 


*The methods used are protected by patents held by the 
National Research Development Corporation, 66-74 Vic- 
toria Street, London SW1. 
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1.7 MHz for the hydrogen protons of body tissues. 
This field 15 applied in the PA direction of a supine 
patient. 

The machine uses the NMR signals from hydro- 
gen protons in water and in fat. It produces two kinds 
of image. The first uses proton density as the imaging 
parameter, and the second uses proton spin-lattice 
relaxation time (71). Tı in wet tissues depends 
essentially on the relative proportions of free and 
bound water within the tissue under examination: 
tissues with more free water have longer relaxation 
times (Packer, 1977). T, values of normal and malig- 
nant animal and human tissues have been presented 
(Damadian et al., 1973; Ling et al., 1980; Mallard 
et al., 1980) and their implications for zn vivo clinical 
NMR imaging have been discussed. 

The imaging principle employed is that of “selec- 
tive excitation" (Mansfield et al., 1976; Hutchison, 
1976). The particular form used (Edelstein et al., 
1980) tolerates a much larger non-uniformity in 
magnetic field than the projection reconstruction 
method (Hutchison et al, 1978; Sutherland and 
Hutchison, 1978) and also the effect of movement by 
the patient is less drastic. It uses a spectrally-shaped 
radiofrequency (RF) pulse in the presence of a field 
gradient to excite spins in a thin slice of the three- 
dimensional sample. In the simplest form of this 
technique, the field gradient is then turned through 
90° to a direction parallel to the selected slice, and 
the spectrum or Fourier transform of the resulting 
free induction signal then represents the distribution 
of spins within the slice along the second gradient 
direction. So far there is no discrimination in the 
third orthogonal direction, and any image formed is 
a projection or shadowgraph in this direction. 

In order to discriminate in the third direction and 





ADIABATIC 
FAST 
! (PASSAGE : 


'90° PULSE RF. FIELD 





FO wt GRADIENT G 
* | PROGRAMMABLE 

! AMPLITUDE 

L.X PULSE 





GRADIENT & 


z 


~----SIGNAL 





INTERVAL NUMBER 
Fic. 16. 


The RF and magnetic field gradient pulse sequence (Edel- 
stein et al., 1980; Mallard et al., 19812) 
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achieve true tomographic images, it is necessary to 
employ a field gradient in this direction together with 
some selective process. The most recent selective 
process which we use is called spin-warp imaging 
(Mallard et al., 1981a; Edelstein et al., 1980). 

The pulse sequence used for the new imaging 
method is shown in Fig. 16. This refers to a set of 
co-ordinate axes with z vertical along the static field 
from posterior to anterior of a supine patient; y 
horizontal along the long axis of the patient from 
head to foot; and x horizontal laterally across the 
patient, from nghi to left. 

Beginning at interval 3, a thin slab of spins trans- 
versely across the patient is selectively excited by the 
90° RF pulse applied in the presence of a y magnetic 
field gradient. Following this excitation, a “readout” 
field gradient is applied in the x direction in interval 
5 and the spectrum (more precisely, Fourier trans- 
form) of the free induction signal (sampled m times) 
is, in effect, a projection of the proton density in the 
slice onto the x-axis (as in Fig. 14, right). The fre- 
quency is directly related to the x-co-ordinate and 
the amplitude to the total spins in one of the m 
columns in the z direction (from back to front of the 
patient): there is no discrimination in the z-direction 
as yet. 

The z-diserimination is obtained by taking z 
projections, all onto the same axis x. This would be a 
silly thing to do in 1sotope or X-ray tomographic 
imaging because the projection would be the same 
each time and thus projections have to be taken from 
different angles. What makes NMR different is the 
ability to use phase information in the signal. Each 
frequency component of the spectrum has phase 
information as well as amplitude: alternatively, it 
can be regarded as a complex number with both a 
real and an imaginary component. 

Suppose then, a phase twist, or warp, is deliber- 
ately added to each column of spins, as shown in 
Fig. 17. Consider a long uniform column, as in 
column 1. When the contribution from each spin is 
added vectorially, the vector sum is quite small 
(there are about 14 full cycles of phase twist in this 
column). Column 2 has fewer spins in it but is 
divided into two separate portions. The gap could 
represent the air in the lungs, for example. The 
resultant vector sum is quite large with a phase angle 
slightly leftwards. Column 3 has the same structure 
as in column 2, but moved downwards a little in z 
The vector sum has the same amplitude as in column 
2 but is shifted in phase to be slightly rightwards. 
What has happened is that the phase twist maximizes 
the response to the spatial frequency related to the 
pitch of the phase twist. 
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This phase twist is introduced by adding a 2 field 
gradient pulse, G;, after the selective excitation and 
before the readout, z.e. during interval 4 (Fig. 16). In 
each successive pulse sequence, G, has the same 
shape but its amplitude changes by equal steps from 
zero to a maximum value, each one maximizing the 
response to a different spatial frequency in the z- 
direction. In practice, 64 of these pulse sequences 
are used from interval 3 onwards and a two dimen- 
sional Fourier transform of the m signals produces 
a 64 x m image. They are called S signals and con- 
tain mostly proton density information. 

The above sequence is similar in principle to one 
proposed by Richard Ernst and colleagues (Kumar 
et al, 1975; Ernst, 1978) who changed the time 
interval of G, rather than the amplitude, as used 
here. The present method relaxes the stringent 
homogeneity of the static magnetic field required by 
Ernst’s method. 

Information on spin-lattice relaxation time (T1) 
can be obtained by starting the sequence at interval 
1. The spins are inverted and one waits during 
interval 2 for a time approximately equal to the 
average relaxation time in the sample (200 ms) 
before following with the sequence starting with 
interval 3. This initial inversion is done here by 
using an adiabatic fast passage for which an RF 
magnetic field in the rotating frame gives more than 


90°, inversion. Signals derived from the pulse 
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Pictorial representation of the phase twist introduced to a 

column of spins (Column 1) by applying a field gradient up 

the column. Columns 2 and 3 illustrate the phase change 

introduced into the vectorial sum of spins by changing the 
position of a gap in the column of spins. 


sequence starting with interval | are called Sg signals 
and contain information on both proton density and 
Tı relaxation time. 

Each pulse sequence takes one second. A 128- 
second scan collects data for both a proton density 
and a T; image. Such a scan consists of 64 signals of 
type Sp and 64 signals of type Sy. One echo signal is 
collected each second. Initially, the Sp data and the So 
data are Fourier-transformed into two 64 x 64 element 
arrays. The 7, value for each imaging element is cal- 
culated from the formula 7-—200/In(29/(So-.S2)). 
The 6464 element Sp and 7) arrays are then 
interpolated into 256 x 256 arrays and displayed on 
a CONRAC CT-display* using 16 colour-coded 
levels, or a grey scale. 

The tomographic sections have a Gaussian profile 
with thickness (equiv alent rectangular width) 18.5 
mm. Each imaging element is 7.5 mm wide x 7.5 
mm ie x 18.5 mm thick, comprising a volume of 
1 em?, In each imaging element, the uncertainty in 
proton density for muscle tissue is about 2.5%, and 
the uncertainty in T, is about 3.5°, for 7; close to 
200 ms, with some worsening as 7) departs from 
that optimum value. 


Supporting programme of biological NMR 
measurements in vitro 

The human body ts extremely complex. When, in 
addition, we first attempt to image a new property 
such as proton magnetic resonance, there 1s bound 
to be difficulty in interpreting the results. To these 
difficulties, further confusion may be added if early 
NMR images are compared with other images 
derived from completely different tissue properties, 
e.g. X-ray absorption, radiopharmaceutical con- 
centration, or ultrasound characteristic impedance. 
It has always been our intention, confirmed by the 
early animal images (Hutchison et al., 1974), to 
attempt to image 7 separately from proton con- 
centration. With this in mind, we have carried out a 
biological back-up programme of 7) measurements 
on normal and pathological tissues to ease the prob- 
lem of image interpretation and to find pointers 
towards the most fruitful fields for the application of 
NMR imaging (Gordon 1975; Ling et al., 1980; 
Mallard et al., 1980). 

Studies were made of a wide range of normal 
rabbit tissues at 24 MHz and 2.5 MHz. The values 
range from the lowest of 141 ms for liver to 463 ms 
for testis, with the body fluids, bile and blood serum 
being much higher at over 800 ms at 2.5 MHz, the 
frequency closest to our imaging frequency. 


*Generously presented by Technicare Inc., Solon, USA. 
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For free water the relaxation time 7) is about 3 s 
and it is believed that the very much reduced 7; 
values for tissues are associated with the way in 
which the water ts bound to proteins in the cells and 
the tightness of that binding. The closer the binding, 
the shorter the relaxation time. 

For the soft tissues, there is a three-fold range of 
Tı values which, together with the 3.595 uncertainty, 
offers good soft tissue discrimination. The water 
content of ind Tissues range! only Hom a m 
ed. ind fen to a maximum iof 83 o; for grev bum 
tissue (72? for white brain tissue). 

Many groups have measured the relaxation time of 
water protons in tumours. Results have indicated 
that malignant tissues generally have longer relax- 
ation times than the equivalent normal tissues 
(Damadian et al., 1973; Hollis et al., 1973) although 
it is now recognized that there is a considerable 
overlap of values (Eggleston et al., 1975; Koutcher 
et al, 1978). In-vitro results obtained in this 
laboratory (Gordon 1975; Gordon et al., 1978; Ling 
et al., 1979) have been reviewed in Mallard et al. 
(1980) ane were in accor bod 26d i ee 
workers. Very small scale studies sugg 
perhaps e pret tumours EM Ton inetastaes 
might have an increased 7, sufficiently above their 
surroundings for detection. 

The effects on Tj caused bv biological processes 
such as inflammation, local immune reactions and 
invasion. of neighbouring tissue by tumour were 
examined (Ling et al., 1979). It was found that rat 
muscle immediately adjacent to implanted Yoshida 
sarcoma showed increased 7 relaxation time, which 
gradually fell to the normal muscle value as one pro- 
gressed further away from the tumour. Although 
this should have the effect of blurring the edge of a 
tumour and decreasing the resolution of the image, 
there may, perhaps, be a gain in that small tumours 
may appear (on 7 images) to be larger than they are: 
this might help to detect them earlier. 

It is important to realize that many clinical con- 
ditions other than malignancy may change the Ti of 
body tissues. A condition which gives rise to a 
change in water content of a tissue, either intracel- 
lular or extracellular, e.g. oedema, should increase 7i 
in the affected region. A considerable number of 
suggestions have been made to the speaker (see 
Mallard et al., 1980) of potential diagnostic or 
investigative clinical uses of NMR imaging. 





Safety aspects 
The potential hazards of NMR imaging need to be 
investigated more precisely, although in the present 


generation of machines there seems to be little chance 
of serious effect upon the patient. A Working Party 
on the subject set up by the UK National Radio- 
logical Protection Board has reported recently 
(NRPB 1980).* The possible hazards include tissue 
heating by the radiofrequency fields and the effect of 
currents induced by the pulses of magnetic field 
gradient. The effect of the static magnetic field is 
believed to be less significant but should be kept 
below 2.5 T or 25000 Gauss (ibid.). The Aberdeen 
machine operates at 0.04 T. 

The limit set upon the allowed radiofrequency 
heating effect has been based on not exceeding the 
basal metabolic rate, which is approximately 1 W/kg 
or 70 W total. The Aberdeen level is only up to 0.25 
W to the whole body. Also, vary ing fields of 20 Tis 
are believed not to cause biological effects. In our 
machine the peak rate of change of field just reaches 
3 T/s near the ends of the patient tube. 

It is worth stressing that volunteers are quite 
unaware of the presence of any of the fields, or anv 
subjective effects due to them. 

Conditions which are advisable for human NMR 
imaging experiments during the very early stage of 
its use have been suggested (ibid.). Healthv volun- 
teers should not be epileptics or have heart disease or, 
at the present state of knowledge, be pregnant. 
There should be a medical examination beforehand, 
a few days after and six months later, and during the 
exposure a person should be present with resuscita- 
tion equipment. For patients, the NMR image must 
be additional to all normal clinical procedures and a 
doctor should be present with resuscitation equip- 
ment. For both, records should be kept and pulse 
rate and reaction times observed during exposure. 
These recommendations will be reviewed after more 
experience has been gained. 

This new imaging technique has the advantage of 
not using ionizing radiation, and it appears to be a 
safe, non-invasive procedure. A major investigation 
is underway in Aberdeen by Dr. Foster to attempt to 
discover and explore any short-term or long-term 
effects. 





In-vivo NVR images 

Results from a series of normal volunteers imaged 
in the machine described here have been reported by 
Edelstein et al. (1981). A considerable number of 
normal organs and structures can be imaged. I am 
grateful to Dr. Frank Smith, Consultant in Nuclear 
Medicine in Aberdeen, for help with these few cases 
collected from a clinical series which, at the time of 





*Available from National Radiological Protection Board, 
Harwell, Didcot, Oxfordshire. 
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TABLE IV 





íi Normal tissues 





Skeletal muscle 90-110 Fat 130-160 | 
Liver 140—170 Pancreas 180-200 
Bone 190-220 Cardiac muscle 240-260 

| Eve 240-260 Spleen 250-290 
Cerebral cortex 250-300 Cerebellar cortex 250-300 
Bile ducts 250-300 Spinal cord 290—300 

| Kidney 300-320 

| Blood 350—420 Bile in gall bladder 300-700 

| CSF 800-1000 (depending on obstruction or not) | | 

Urine > 1000 

Pathology | 
oo 180-300 | 

| Liver tumours 300—450 

| Lung carcinoma 350-400 
Renal carcinoma 400-450 

this lecture, exceeds 120 patients. Some other Pancreatitis has now been demonstrated in other 


preliminary reports are now appearing (Smith et al., 
1981a; b; c; Mallard et al., 1981a; b). The NMR 
images are colour coded in T (or proton concen- 
tration) the code being displayed at the side of each 
image, the bottom (black, dark blue) being short Ti 
and the top (white) having the value of 7) printed 
adjacent. 

Figure 18a shows an X-ray CT head section of a 
middle-aged man who was investigated following an 
epileptiform fit. A cystic glioma in the left parietal 
region was demonstrated. Figure 188 shows the 
equivalent NMR Tı image. White matter is seen as 
two shades of yellow, grey matter as deeper yellow 
and red. The frontal air sinus is seen as black and the 
falx filled with blood as white-lilac. The cystic 
tumour mass is seen clearly (the X-CT' image is 
displayed with left and right reversed), with a fluid 
level (probably caused by cellular debris) not seen on 
the X-ray image. T'he tumour itself is seen separately 
above the cyst. 

Figure 19 shows an NMR T abdominal cross- 
section of a 65-year-old man who complained of 
abdominal pain. Repeated ultrasound investigation 
was normal, as was a barium meal and follow 
through. The NMR 7; section shows the aorta, 
spine, duodenum, normal right lobe of liver, tail of 
pancreas, and a high 7; region suggesting a carci- 
noma of the head of the pancreas. On repeating the 
ultrasound scan, it suggested malignant nodes in the 
porta hepatis. Carcinoma pancreas was confirmed at 
laparotomy. Note that gas in the gut appears as black. 

The pancreas is seen in only about 10°, of cases 
but it is believed that we are not taking enough sec- 
tions close enough to each other in this region. 


84 


5 


patients where it is seen as a swollen gland of longer 
than normal T}. 

Figure 20a shows a NMR T; thoracic section of a 
64-year-old man who presented with a vague ab- 
dominal pain. Ultrasound and radionuclide liver 
scans demonstrated intrahepatic tumour. A chest 
radiograph demonstrated a large pulmonary tumour 
which is seen here. In addition, the descending aorta, 
ascending aorta, superior vena cava and pulmonary 
artery are demonstrated. Figure 20B shows an ab- 
dominal section of the same patient, demonstrating 
large secondary deposits in the left lobe of the liver, 
The spleen, left kidney and spine are also seen. 

Figure 21A is an abdominal section of a 4i month 
pregnancy. The patient had a high alpha-feto-protein 
characteristic of an anencephalic fetus. This NMR 
section was taken immediately before termination. 
This is a proton concentration image which shows 
the pelvic bones well and abdominal fat. The uterus, 
fetus and amniotic fluid are imaged. Figure 215 
shows the Tı image of the same section. Whilst the 
extent of the amniotic fluid is seen more clearly, the 
fetus itself is seen less clearly. The uterine arteries 
are seen. 

No untoward effects at all have been observed in 
the 140 people studied. The 7) images seem to be 
particularly useful, but the proton concentration 
images are better at showing bone and fat. 

Table IV collects 7, values determined from the 
clinical images. They agree well with those from the 
biological work referred to earlier. The soft tissues 
range from muscle at 100 ms, fat at 130 and liver at 
140 ms, to kidney at 320 ms. This is a very big range 
which helps tissue discrimination. Measuring 7; aids 
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lic. 18. (B) The same section as (A) as demonstrated by Ti NMR imaging 


| APT | 5n FIG 19 FIG. 19. Abdominal section Ti NMR Imuügtc of cart noma ot hi ad of pani rens 
Fic. 20. (4) Thoracic section 7; NMR image showing large pulmonary tumour. 
(B) Abdominal section Ti NMR image of same patient showing large secondars malignant 
d« posits in the left lobe of liver. 
Fic. 21. (A) Abdominal section proton concentration NAIR in we ot 4 month yregnancy (im- 
| | 
) ) 
FIG. 2IA | Fic. 218 mediately before termination of anen ophobic fetus) 


(BR) Ti NMR Image ol same sectio! 
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Fic. 184, 


(4) A cystic glioma in the left parietal region as demonstrated 
by X-ray CT imaging. 


identification of tissues and fluids and this has proved 
a valuable clinical asset. Blood vessels are seen well 
because of the high 71 value for blood. Bile and CSF 
is seen clearly too. Tumours are seen well because 
they have an increased 7, above normal. 

In general, the NMR images show both anatomi- 
cal features and pathology. The method seems to 
present a combination of X-ray CT and nuclear 


medicine, because it shows some of the anatomy of 


X-ray CT with some of the physiology seen in the 
nuclear medicine image. It seems to have the advan- 
tage over nuclear medicine of having much more 
normal anatomy in an image which displays the 
pathology as well. Also the tumours are all seen as 
positive increases, and not holes or defects. 

At present the spatial resolution is not so fine as 
X-ray CT. Our present images are produced bv a 
machine resolution of 7.5 mm square, produced as 
64 » 64 pixels. It is hoped to increase this to 128 
128 pixels of data acquisition. At present the images 
are improved by displaving them as 256 x 256 even 
though the data acquisition is only 64x 64. The 
thickness of the section displayed is 18 mm so that the 
pixel volume is about | cmë. 

The data for two images of each section are acqui- 
red in 128 seconds. It is hoped to improve this by at 
least four times. Perhaps dynamic heart studies will 
become possible. At present we discriminate be- 


tween changes of T, of 3.5",, and changes of proton 


concentration of 2.5°,. Perhaps some of this T) 


discrimination can be traded off for further improve- 
ment in resolution. 
All these images have been obtained by merely 


putting the patient into the machine, two minutes 
eight seconds for each pair of sections—one of T), 
one of proton concentration. There are no injections. 
The images portray the natural properties of the 
protons of the water, or fat, showing where they are 
and indicating whether or not they are tightly bound. 

It is possible, indeed probable, that paramagnetic 
materials such as transition metal ions and oxygen 
will be used to alter the 7) of some tissues and there- 
by alter the contrast on NMR images, Other teams 
have demonstrated that this may have clinical use 
for localizing tissue ischaemia (Doyle et al., 1981). 
The years ahead will show whether the spin proper- 
ties of phosphorus 31 and carbon 13 nuclei may 
ever prove capable of human in-vivo NMR investi- 
gation—even if not imaging—to add vet another 
dimension to NMR diagnosis. 

Since this is the beginning of the clinical use of a 
new branch of imaging, I wonder if I dare suggest a 
name for them. We can all agree that we are talking 
about an NMR image. So if we sav image in the 
French way as "'im-ar-ge"', so that it becomes en em 
ar im-arge, then we can drop a couple of syllables and 
and it becomes "en em arge” or "N-1mage". What- 
ever thev are called, it looks as if magnetism in the 
form of NMR does offer medicine a new direction 
forward. 

The title of this Memorial 
Do they?” It 
tradition in the House of Commons when a vote ts 


Lecture was “The 


Noes have it. was based upon the 


taken. The result is declared in a loud voice “The 
Aves have it" or “The Noes have it.” By the Noes ] 
mean the non-ionizing radiations and the non- 
conventional methods which are now in their infancy 

so do the Noes have it? I think they might—they 
show great promise. It seems appropriate to end 
with a quotation from ‘Tennyson's /n Memoriam. 

So many worlds, so much to do, 

So little done, such things to be. 


ACKNOWLEDGMENTS 

| am deeply grateful to the University of Aberdeen, the 
Medical Research Council and the Cancer Research Cam- 
paign for their support for work described in this Lecture. 

| have tried very hard to give full published references as 
acknowledgment of the work of mv friends and colleagues, 
which I have collected together into this manuscript. It 
there have been any omissions, | apologize most sincerely. 
From amongst them all, I am especially grateful to Dr. K. V. 
Ettinger, Dr. D. J. Watmough, Dr. J. M. S. Hutchison and 
Dr. F. W. Smith, for their eager and willing help and sup- 
port during its gestation. To my secretary, Miss |. Thomson, 
and to our graphics expert, Mr. R. Hutcheon, thank you for 
your excellent work in trying circumstances. To my wife and 
daughter, gratitude for the opportunity, the inspiration and 
the will. 


REFERENCES 
ATARI, N. A., ErriNGER, K. V. and FREMLIN, J. H., 19 
Radiation Effects, 17,45. 


- 
/ 


> 
Je 


847 





VoL. 54, No. 646 


J. Mallard 


Barkey, H., 1936, Pocket transilluminoscope. Lancet, i, 902. 

CurTLER, M., 1929, Transillumination as an aid in the 
diagnosis of breast lesions. Surgery tn Gynaecology and 
Obstetrics, 48 (6), 721—729. 

DAMADIAN, R., GorpsMiTH, M. and MiNkorr, L., 1977 
NMR in cancer. Fonar image of the live human body. 
Phycological Chemistry and Physics, 9, 97-100. 

DaMADIAN, R., Zaner, K., Hor, D., Dimaro, T., MINKOFF, 
L. and GoLpsmiTtH, M., 1973, Nuclear magnetic resonance 
as a new tool in cancer research: tumours by NMR. 
Annals of the New York Academy of Sciences, 222, 1048. 

Dove, F. H., Gore, J. C. and Pennock, J. M., 1981. 
Relaxation rate enhancement- —Observed in-vivo by NMR 
imaging. In Proceedings of the Ist NMR Imaging Sym- 
posium, Vanderbilt University, Nashville, October 1980. 
Journal of Computer Assisted Tomography, (1n press). 

EDELSTEIN, W. A., Hurcuison, J. M. S., Jounson, G, and 
Repeatu, T. W., 1980. Spin Warp NMR imaging and 
applications to human whole-body imaging. Physics in 
Medicine and Biology, 25, 751—756 

EDELSTEIN, W. A., HvrCcuisoN, J. M. S., Smith, F. W., 
MALLARD, L, JOHNSON, G. and Reppatru, T. W., 1981. 
Human whole- body NMR tomographic imaging: normal 
sections, British Journal of Radiology, 54, 149-451. 

EcGGLESTON, J. C., SARYAN, L. A. and Hoi Is, D. P., 1975. 
Nuclear "Magnetic Resonance investigations of human 
neoplastic and abnormal non-neoplastic tissues. Cancer 
Research, 35, 1326-1332. 

Ernst, R. R., 1978. Gyromagnetic resonance Fourier trans- 
form Zeugmatography. US Patent 4070611. 

ETTINGER, K. V., Marranp, J. R., ANunuso, C. L, DEL 
VIGNA F ILHO, E. REGAN, C, and SRIRATH, S., 1980. 
Applications of lyoluminescence. N Nuclear Instruments and 
Methods, 175, 136-138. 

ETTINGER, K. V., MALLARD, I. R., SuinaTH, S. and TaKavar, 
A., 1977. Lyoluminescence dosimetry math some sac- 
charides. Physics in Medicine and Biology, 22, 3, 481—489. 

Foster, M. A. and HurcHisoN, J. M. S., 1980. Imaging by 
nuclear magnetic resonance. Aberdeen Postgraduate Medi- 
cal Bulletin, 14, 2, 7. 

GORDON, R. E., 1975. Proton NMR relaxation time measure- 
ments in some biological tissues. Ph.D. Thesis, University 
of Aberdeen. 

Gorpon, R. E. Marranp, J. R. and Prinir, J. F., 1978. 
Chapter 16 in Nuclear Magnetic Resonance Effect in 
Cancer. Ed. by R. Damadian (Pacific Publishing Co., 
Portland, Oregon). 

Harpy, J. D., Hammer, H. T. and Murcatrroyp, D., 1956. 
Spectral transmittance and reflectance of excised human 
skin. Journal of Applied Physiology, 9, 257—264. 

Harpy, J. D. and MUSCHENHEIM, C., 1934. The radiation of 
heat from the human body. IV. The emission, reflection 
and transmission of infra-red radiation by the skin, Journal 
of Clinical Investigation, 13, 817-831. 

HiNsHAW, W. S., 1976. [mage formation by nuclear mag- 
netic resonance: the sensitive point method. Journal of 
Applied Physics, 47, 3709-3721. 

HorLaNp, G. N., Hawkes, R. D. and Moore, W. S., 1980. 
NMR tomography of the brain. Journal of Computer 
Assisted Tomography, 4, 429-433. 

Horns, D. P., Economou, J. S., Parks, L. C., EGGLESTON, 
J. C., Saryan, L. A. and Czzgistgn, J. L., 1973. Nuclear 
magnetic resonance studies of several experimental and 
human malignant tumors. Cancer Research, 33, 2156— 
2160. 

Hourr, D. IL, 1979. Rotating frame zeugmatography. 
Sournal of Magnetic Resonance, 33, 183-197. 

Hussey, G., MACDONALD, A. F. NICHOLS, D. and War- 
MOUGH, D. J., 1981. Diaphanography--a comparison with 
mammography and thermography. Proceedings of Sym- 
posium Mammographicum 80, London 1980. British Journal 
of Radiology, 54, 163. 

HurcuisoN, J. M. S., 1976. Imaging by nuclear magnetic 
resonance. Proceedings of the 7th L. H. Gray Conference on 


Medical Images, Leeds. Ed. by G. A. 
Physics, Bristol/ Wiley), pp. 135-141. 
Hurcnison, J. M. S., EDELSTEIN, W. A. and Jounson, G., 
1980. A whole-body NMR imaging machine. Journal of 

Physics E: Scientific Instruments, 13, 947—955. 

Hetcuison, J. M. 8., Marranp, J. R. and Gott, C. C., 
1974. In-vivo imaging of body structures using proton 
resonance. Proceedings of the 18th Ampere Congress, Not- 
tingham, Ed. by P. S. Allen, E. R. Andrew and C. A. 
Bates, (University of Nottingham), pp. 283-284. 

Hurcnison, J. M. S., SUTHERLAND, R. J. and MALLARD, 
J. R., 1978. NMR imaging: image recovery under mag- 
netic fields with large non-uniformities. Journal of Physics 
E: Scientific Instruments, 11, 217—221. 

Hynynen, K., WarwovcGH, D. J. and Marranp, J. R., 
1981a. Design of ultrasound transducers for local hyper- 
thermia. Ultrasound in Medicine and Biology (in press). 

1981b. The effects of some physical factors on the pro- 
duction of hyperthermia by ultrasound in neoplastic tis- 
sues. Radiation & Environmental Biophysics (in press). 

KIKUCHI, Y., Ucurpa, R., Tanaka, K., and Wacar, T., 1957, 
Early diagnosis through ultrasonics. Journal of the 
Acoustical Soctety of America, 29, 824-833. 

Koutcuer, J. A., GOLDSMITH, M. and DAMADIAN, R., 1978. 
NMR in cancer. X. A malignancy index to discriminate 
normal and cancerous tissue. Cancer, 47, 174—182. 

Kumar, A., Wetti, D. and Ernst, R. R., 1975. NMR 
Fourier Zeugmatography. Journal of Magnetic Resonance, 
18, 68-83. 

LAUTERBUR, P., 1973. Image formation by induced local 
interactions, examples employing nuclear magnetic reson- 
ance. Nature, 242, 190. 

Lee, P. P., 1975. Hyperthermia by Ultrasound. Proceed- 
ings of the International Symposium on Therapy by Hyper- 
thermia & Radiation, Washington. April 1975 (American 
College of Radiologists). 

1979. À strategv for localized chemotherapy of tumours 
using ultrasonic hyperthermia. Ultrasound in Medicine and 
Biology, 5, 95-97. 

Linc, C. R., Foster, M. A. and Hurcuison, J. M. S., 
1980. Comparison of NMR water proton 'T1 relaxation 
times of rabbit tissues at 24 MHz and 2.5 MHz. Physics in 
Medicine & Biology, 25, 748—751. 

Linc, C. R., Foster, M. A. and Marranp, J. R., 1979. 
Changes in NMR relaxation times of adjacent muscle 
after implantation of malignant and normal tissue. British 
Journal of Cancer, 40, 898—902. 

MALLARD, J. R. , HUTCHISON, ]. M. S., EDELSTEIN, W. À., 
LING, C. R., FosTER, M. A. and Jounson, G., 1980. In- 
vivo NMR imaging in medicine: the Aberdeen approach, 
both physical and biological. Philosophical Transactions of 
the Royal Society of London, B, 289, 519—533. 

MatLLaAnRD, J. R., Hurcuison, J. M. S., Foster, M. A., 
EDELSTEIN, W. A., Linc, C. R., Smith, F. W., REID, A., 
SELBIE, R., JouNsoN, G. and Repparu, T. W., 1981a. 
Medical imaging by Nuclear Magnetic Resonance—a 
review of the Aberdeen Physical and Biological Pro- 
gramme. TAEA International Symposium on Medical 
Radionuclide Imaging, Heidelberg, Germany, September 
1980. (AE A-SM-247:201) (International Atomic Energy 
Agency, Vienna). 

MarLanRD, J. R., Smita, F, W, and Hurcuison, J. M. S., 
1981b. Medical Tribune Circulation Today, 2, (26), 27 

MANSFIELD, P., MAUDSLEY, A. A. and Barnes, T., 1976. Fast 
scan proton density imaging by NMR. Journal of Physics 
E: Scientific Instruments, 9, 271-8. 

MaNsriELD, P. and Pvkrrr, I. L., 1978. Biological and 
medical imaging by NMR. Journal of Magnetic Resonance, 
29, 69-83, 

NCRP Report 66, 1980. Mammography. (National Council 
Do aper Protection and Measurements, Washington, 
2€). 

NRPB, 1980. Outline of advice on exposure to nuclear 
magnetic resonance clinical imaging. NMR 2/5803. 


Hay, (Institute of 


548 


OcTOBER 1931 


The noes have it! Do they? Silvanus Thompson Memorial Lecture 1951 


(National Radiation Protection Board, Harwell) (in press). 

Ousson, B., GUNDERSEN, J. and NitssoN, D. M., 1977. 
Diafanograft—en ny metod for utdersokning av brostet. 
(Diaphanography—a new method for investigation of the 
breast). Lakarsallskapets Riksstamma Sammanfattningar, 
(Abstracts of Swedish Medical Society annual meeting, 
Stockholm 1977), p. 364 

Packer, K. J., 1977. The dynamics of water in hetero- 
geneous systems. Philosophical Transactions of the Royal 
Society of London B, 278, 59-87, 

SuonT, J. G. and Turner, P. F., 1980. Physical hyper- 
thermia and cancer therapy. Proceedings of the IEEE, 68, 
133-142. 

SurrH, F. W., Hurcuison, J. M. S., JouNsoN, G., MALLARD, 
J. R., Reip, A., REpPATH, T. W. and Sergi, R. D., 19812. 
Clinical application of nuclear magnetic resonance. Lancet. 
January 10, 78-79. 

SmitH, F. W., Hurcuison, J. M. S., Marranp, J. R., 
Jounson, G. Reppatu, T. W., SEeLBIE, R. D., REID, A. 
and Smiru, C, C., 1981b. Oesophageal carcinoma demon- 
strated by wholebody nuclear magnetic resonance imaging. 
British Medical Journal, 282, 510—512. 

Shira, E. W., Hurcuisow, J. M. S., Marranp, J. R., REID, 
A., Jounson, G., Repparu, T. W. and SeLBIE, R. D., 
1981c. Renal cyst or tumour-—differentiation by whole- 
body nuclear magnetic resonance imaging. Diagnostic 
Imaging, 50, 61—65. 

STRAX, P., 1980. An overview of breast cancer; defining the 


Book reviews 


A Practical Introduction to Cranial CT. By A. R. Valentine, 
P. Pullicino and E. Bannan, pp. 149, 1981 (Heinemann, 
London), £8-00. 

ISBN 0-433-336021 

In the foreword to this book, Professor G. du Boulay states, 
“Everyone ... needs what used to be known as a primer, on 
the subject of CT”. This statement is completely true and 
within these limits—this is an excellent primer. The problem 
is that those asked to review primers in any subject have 
usually passed the stage of needing a primer. There is, 
therefore, a temptation to say "yes, that is true, but not 
always". or "why didn't the authors mention the limita- 
tions?" and vet again, "how about this or that technique?" 

Such thoughts must be resisted in reading this book. 
There is a clear explanation of the technical aspects, and of 
certain practical aspects of CT' cerebral scanning. À section 
on anatomy is clear and useful. A quick glance at Fig. 3-9(a) 
suggests motor tracts in both frontal poles—but it is pre- 
sumed that the key applies only to Fig. 3-9(c). A very useful 
chapter gives advice on how to report a scan and makes the 
very cogent point that not all areas of low attenuation with 
atrophy are due to infarction. 

The rest of the book is concerned with an analvsis of 
intracranial lesions by their CT characteristics (e.g. low or 
high attenuation, mass effect, enhancement etc.). These 
chapters are clear, well illustrated and easily understood. The 
more advanced student will not find much concerning the 
limitations of CT in various situations, except in pontine 
lesions. 'The need for alternative techniques is not acknow- 
ledged. For example, nearly all aneurysms will require 
angiography and the great majority of berry aneurysms are 
very difficult and time-consuming to find on CT. Metriz- 
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amide cisternography is mentioned in the opening chapters — 
but not in relation to pituitary tumours or CP angle tumours. 
These are some minor criticisms which centre around the 
difficulties of a primer. This is a good little book, providing 
potted didactic information on cranial CT. At £8 it is well 
within the financial range of any radiological trainee, and 
will satisfy a great need for those who will later control a 
general purpose CT scanner and have to perform cranial 

CT isolated from a Department of Neurosciences. 
A. S. BLIGH, 


Manuel de Techniques Radiographiques du Cráne. By G. 
Korach and J. Vignaud. 2nd edit., pp. 144, 1980 (Masson, 
Paris), price not known. 

ISBN 2-225-66572-9 

This publication can only be highly recommended for 
those interested in radiography of the skull. 

The initial chapters present in a concise manner the 
factors which influence radiographic quality with special 
reference to the skull. The theory of special techniques such 
as stereoradiography and tomography is dealt with simply, 
aided by excellent diagrams. The following chapters deal 
with technique and are quite superb giving precise patient 
positioning instructions accompanied by photographs, the 
resultant radiographs and anatomical line diagrams. ‘The 
reproduction of the radiographs is excellent. 

Therefore, this book is not only an aid to positioning but 
also to interpretation and therefore is of value both to the 
radiographer and the trainee radiologist. 
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Rapid biomedical imaging by NMR 


By R. J. Ordidge, P. Mansfield 
Department of Physics, University of Nottingham 
and R. E. Coupland 


Department of Human Morphology, Queen's Medical Centre, University of Nottingham 


( Recerved July 1987) 


ABSTRACT 
The first biomedical images to be produced by the new 
high-speed echo-planar imaging technique are presented. 
Clear anatomical detail is revealed in both human and 
animal studies performed im vivo. The potential for imaging 
moving objects and flow ts briefly discussed. 


The first nuclear magnetic resonance (N MR) images 
to demonstrate clearly resolved human anatomical 
detail in vivo were performed by a line-scanning 
technique (Mansfield et al, 1976; Mansfield and 
Maudsley, 1977). Since then we, as well as several 
other groups, have produced NMR images of 
various parts of the human anatomy including ab- 
dominal, thoracic and head scans (Bangert et al., 
1981; Damadian et al., 1977; Edelstein et al., 1981; 
Mansfield et al., 1978; Holland et al, 1980). All 
NMR imaging techniques measure the spatial distri- 
bution of mobile protons contained in the water, fat 
or oil distributed within the various tissues and 
organs of the body. The images referred to have 
been produced by an assortment of techniques and 
produced in times varying from several hours down 
to several minutes. Some of the improvement in 
imaging time can be ascribed to natural development 
of the subject, the more recent images being refine- 
ments and developments of earlier imaging schemes. 
A full description and discussion of the various tech- 
niques is given by Mansfield and Morris (1981). 
Imaging schemes fall into three main categories; 
point scanning, line scanning and planar imaging. 
The classification relates to the data collection mode 
and degree of data channel multiplexing. For equal 
resolution and signal/noise ratio of the image, point 
scanning is the slowest imaging method, the others 
being correspondingly faster. 

It seems clear from a physiological point of view 
that fast imaging is to be preferred, especially when 
considering involuntary bodily movements. We may 
classify these movements broadly speaking on three 
time scales: breathing motion on a scale of around 
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20 s, gut motion on a scale of around 5 s and cardiac 
motion on a scale of around 0.8 s. For heads and 
limbs which may be clamped, the time regimes 
quoted are not important, though it is still desirable 
from the point of view of patient management to per- 
form the imaging as speedilv as possible. 

The planar imaging methods referred to above 
relv either on a filtered back projection technique, 
which requires typically 128 separate spin density 
profiles or projections of the object before image re- 
construction can commence, or on a two-dimensional 
Fourier transformation of transient data to produce 
the spin density distribution. Again, as with the pro- 
jection method, the equivalent of 128 separate ex- 
periments must be performed and all the data 
gathered before computation of the image can pro- 
ceed. Thus although both these methods are efficient 
in the sense that all spins within a predefined plane 
are simultaneously observed in each experimental 
"look", a certain pre-requisite number of looks is 
mandatory before one can start the image formation 
algorithm. For a final picture array of m? pixels, this 
minimum number of looks is approximately m. 

When a spin system is perturbed from its normal 
equilibrium. polarization state of alignment in the 
external static magnetic field, it requires a time of the 
order of Ti, the spin-lattice relaxation time, to re- 
equilibrate. In normal tissue 7) varies over a range of 
around 100 ms to 600 ms depending on tissue type. 
For example, in liver, 71 7 500 ms. Using this value 
as an average for the body we see from the above 
discussion that we cannot expect to obtain an 1mage 
in less than about 60 s by any of the above planar 
imaging methods. 

These considerations have led us to seek new and 
faster imaging methods which do not sacrifice reso- 
lution or signal/noise in the final image. A method 
which achieves these aims was devised several years 
ago (Mansfieid, 1977; Mansfield and Pykett, 1978) 
and is now referred to as echo-planar imaging. How- 
ever, it is only recently that we have been able to 
translate the technique into a 1/4th human scale 
working system. In this paper, we wish to briefly 
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describe the echo-planar imaging method and pre- 
sent the first biomedical NMR images obtained by 
this new technique. 


METHOD 

The basic principle of echo-planar imaging has 
already been given by Mansfield (1977) (see also 
Mansfield et al. (1980). Full description of the ap- 
paratus and pulse sequences used in the experiments 
described will be presented elsewhere. In this paper, 
therefore, we shall give only a brief outline of the 
echo-planar imaging method together with the ex- 
perimental conditions used to obtain the results. 

To explain and clarify the method we refer to Fig. 
1. Consider an extended object containing mobile 
protons which is placed in a static polarizing field 
Bo. Localized spin polarization will reflect the spatial 
variations of water content, etc. throughout the 
specimen. If a magnetic gradient G; is applied to the 
specimen together with a selective RF pulse, a thin 
slice of magnetization, thickness dz, may be selective- 
ly perturbed from its equilibrium alignment. The 
transverse response or free induction decay (FID) of 
this slice is dag Nae in a pu Smite ee 
T « we wel the aa spin projection 
edge profile as a function of wy which corresponds to 
spin density projections of successive shaded strips 
along the x-axis. We wish to obtain the spin density 
side profiles. These may be obtained by applying an 
additional steady broadening gradient Gy during the 
signal sampling period. This procedure turns the 
edge profiles into the broadened profiles which are 
now functions of both x and y. The broadening 
gradient effectively rotates the spin distribution, 
thus allowing a view of the total spin distribution be- 
tween the rows. The broadened profiles contain all 
the information necessary to produce a complete 
image in a one-shot experiment which in the present 
case takes 41.0 ms. It should be emphasized that the 
high speed is not achieved at the expense of image 
resolution. Naturally, the signal/noise ratio of single 
shot images may be improved by 4/N by signal 
averages over N one-shot experiments. In the present 
version of the experiment, a delay 7 between shots ts 
included, thus increasing the total experimental time 
to tens of seconds. Intrinsic motion in the object 
over this time scale thus produces a blurring of the 
image. 


Data handling 

The switched gradient Gy produces a FID com- 
prising a series of spin echoes. Odd and even echoes 
are always formed in negative and positive gradients 
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Sketch illustrating the various projections of spin density 
profiles in a slice of material isolated by selective excitation 
and subjected to switched gradients m the echo-planar 
> + rz * a - > 

imaging method. The side profiles indicated are not directly 
viewable but may be observed in combined switched y and 
steady x gradients to yield the broadened profiles. Also 

sketched are the edge profiles observable in Gy only. 


respectively. It is therefore necessary to edit the FID, 
transforming the odd and even echo responses 
separately. The frequency domain profiles may then 
be reordered and added together to give a single 
picture. The editing process and data reordering are 
done under computer control. 


Apparatus 

Full details of the apparatus will be described 
elsewhere. The main features are the use of focused 
selection of the initial slice (Hoult, 1977; Sutherland 
and Hutchison, 1978) and the switched field gra- 
dients. The gradient details are as follows. The 
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(opposite) Fic, 2a. 


NMR echo-planar cross-section through the right hand at 

the level just proximal to the heads of the 2nd—4th metacar- 

pals. Imaging time was 35 s, comprising 64 separate shots 

with delay between shots 70.5 s. Dark blue corresponds to 
low image intensity. 


Fic. 28. 


osseous muscle. 


Fic. 34. 


NMR echo-planar cross-sectional image through the junc- 

tions of the proximal 4 and distal 3 of the left hand palm. See 

Fig. 3B and text for structural and other details. Colour 
scale as for Fig. 24. 


Fic. 3p. 


Line tracing of Fig. 3a. 1-5 shafts of metacarpals. 1D, first 

dorsal interosseous muscle; DI, other dorsal interossei; LF, 

long flexor tendons; FP, flexor pollicis longus tendon within 

the thenar muscles; FM, flexor digiti minimi; AM, abductor 
digiti minimi; AD, adductor pollicis. 


Fic. 4a, 


Cross-sectional echo-planar image through left forearm 

about 5 cm proximal to the head of the ulna. See Fig. 4n for 

structural details. Experimental details and colour scale as 
for Fig. 3a, 


Fic. 45. 
Line tracing of Fig. 4a. R, shaft of radius; U, shaft of ulna; 
IM, interosseous membrane; ECU, exterior carpi ulnaris; 
FCU, flexor carpi ulnaris; FCR, flexor carpi radialis; EA, ex- 
terior and abductor muscles of thumb; SE, superficial ex- 
tensor muscles and tendons; DE, deep extensor muscles; 
FM, long flexor muscles of digits, also shows tendon regions 

(vellow). 


Fic. 54. 


Cross-sectional echo-planar image of the thorax of a rabbit 

at the level through the heart. The anterior aspect is to the 

top left, All experimental and display details as for Fig. 34. 
See Fig. 5B for structural details. 


Fic. 5p. 


Line tracing of Fig. 54. The upper arrow denotes the mid- 
line anterior aspect. H, chambers of the heart, L, lung fields, 
PM, posterior mediastinum. 


8 


selection gradient G;—0.58 G cm ! with a rise time 
of 60 us and a reversal time of ~90 us. The peak RF 
power used was 5 W and the pulse length 3.7ms. The 
switched gradient Gy==0.65 G cm”! with a rise time 
of 26 us and a reversal time of 52 us. The number of 
cycles used is 32 and the total data collection time ts 
40.96 ms. In this time 2048 sample points are taken 
and Fourier-transformed using a real point trans- 
form only to vield 1024 frequency domain points. 
This gives a 32 x 32 picture matrix. All images have 
been linearly interpolated to 128: 128 arrays. The 
broadening gradient G,—0.02 G em? with a rise 
and fall time of 4.0 us. 

A trapezoidal coil design (Bangert and Mansfield, 
1981) is used to produce Gy and Gy. A Maxwell pair 
is used to produce G;. Particular attention must be 
paid to spatial linearity of the gradient coils. It is 
also important to have the positive and negative ex- 
cursions of Gy properly balanced. Excessive static 
field inhomogeneity must also be shimmed out. 
Typical inhomogeneity over a 10 cm diameter disc 
of 8 mm thickness is 4x 10-9. The transmitter and 
receiver coils are saddle design (Mansfield. and 
Morris, 1981) allowing specimen access along the 
B, axis. 


RESULTS 

A number of live biological specimens have been 
examined by echo-planar imaging. In all cases, the 
original image matrix comprises 1024 points which is 
interpolated to yield a 128 x 128 picture. All images 
are averaged for the stated times and number of 
shots. Each complete one-shot image is obtained in 
45.91 ms including the initial focused selection pro- 
cedure. Images of water phantoms and object/image 
comparisons give good results and will be discussed 
elsewhere. Slice thickness in all images is 8 mm and 
the proton resonance frequency is 4.0 MHz, corres- 
ponding to a static magnetic field of 940 G. 


Human study 

A number of NMR images have been taken of live 
human hands and arms. All data are presented in a 
16-level colour scale to enhance image contrast. 
Dark blue corresponds to low signal intensity. 

Figure 24 shows an NMR cross-sectional image 
through the right hand (R.J.O.) just proximal to the 
heads of the 2nd and 4th metacarpals and passing 
through the heads of the 1st and 5th metacarpals. 
This is an average of 64 shots taking an equivalent 
imaging time of 35 s. Figure 2B is a line tracing from 
24 labelling the clear morphological detail. The 
thumb was held in a position of palmar abduction 
and the Ist metacarpal (labelled 1) has a similar 
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signal intensity to the muscles of the thenar emi- 
nence (TM). Shafts of other metacarpal bones are 


hypothenar eminence (HM) and the Ist dorsal inter- 
osseous muscle (1D). The deep palmar tissues (DP) 
include flexor tendons, small muscles of the palm, 
nerves and vessels. 

Figure 34 shows an NMR cross-section through 

the junction at the proximal 4 and distal 3 of the left 
hand palm of P.G.M. (see Acknowledgments). The 
equivalent imaging time was 69s corresponding to an 
average over 128 shots. T'he considerable detail evi- 
dent in this image is labelled in Fig. 35. Shafts of the 
metacarpals are indicated 1-5. Note the different 
signal intensity produced by the Ist metacarpal 
which reflects its different structure. The Ist dorsal 
interosseous muscle (1D) and the dorsal interossei 
(DI) show clearly at the intermediate signal level 
(red). The long flexor tendons (LF) and flexor pol- 
licis longus tendon show as low signal zones, the 
latter surrounded by muscles of the thenar eminence. 
Other distinguishable regions include the flexor 
digiti minimi. (FM), the abductor digiti minimi 
(AM) and the adductor pollici (AD). Deep palmar 
fascia, vessels and nerves and palmar interossei 
occupy the space between the long flexor tendons 
and shafts of the metacarpals. 
Figure 44 is an NMR cross-section through the 
left forearm (P.G.M.) about 4 cm proximal to the 
head of the ulna. Experimental details were the same 
as for Fig. 3. Again, a number of clear anatomical de- 
tails are evident as indicated in Fig. 48. The shafts of 
the radius (R) and ulna (U) show as regions of low 
signal intensity. The interosseous membrane (IM) 
attached to the radius shows as level 7 (dark yellow) 
as do parts of the extensor carpi ulnaris (ECU). As 
expected, the soft tissue and muscle regions show as 
intense signal zones, for example the flexor carpi 
ulnaris (FCU), the flexor carpi radialis (FCR), the 
long and short extensor and long abductor muscle of 
the thumb (EA), the superficial extensor muscles and 
tendons (SE). The long flexor muscles of the digits 
(FM) do show slight differentiation within the red 
band, the fibrous tendon regions being of lower in- 
tensity (vellow). 


Animal studies 

Figure 5a shows an echo-planar cross-sectional 
image through the thorax of a live rabbit. The ex- 
perimental details were as for Fig. 3. Clear de- 
lineation of the chest wall and interior is indicated. 
Morphological details are summarized in Fig. 5n. 
The arrows indicate the mid-line. The anterior 
aspect lies to the top left. The left side is to the right 


of the arrows. Features identifiable include cham- 
bers of the heart (H), lung fields (L) and posterior 
mediastinum (PM) which includes aorta and oeso- 
phagus. The vertebral column is situated at V. 


CONCLUSIONS 

These first biomedical images clearly demonstrate 
the potential for high-speed echo-planar imaging. 
However, the results also indicate that at present 
there are a number of limitations both in technique 
and equipment. Single shot images, not shown, 
tvpically give signal/noise ratios of around 2:1 and 
suggest that much-improved receiver electronics are 
required for full realization of the single shot or 
"instant" picture capability of the technique. How- 
ever, theoretical results presented elsewhere ( Mans- 
field and Morris, 1981) show that for optimum coil 
geometries and experimentally achievable receiver 
noise figures, the apparatus will scale to whole body 
size giving a 64 x 64 array with a single shot signal / 
noise ratio of about 6-7: 1 for a 10 mm slice. Such 
images could of course be averaged to improve signal/ 
noise. For example, a signal/noise ratio of 16:1 could 
be produced in six shots taking about three seconds. 
However, it may be that in certain circumstances the 
single shot picture quality will be acceptable. 

In the present images, there is evidence of unequal 
spatial resolution across and down an image. Steps 
are being taken to rectify this. The rapidly switched 
field gradient used (250 T m-1s-!) produced no sen- 
sation in the arm images, nor did it cause anv ob- 
servable effect in the rabbit. The mean RF power 
delivered at the probe head was 20 mW (5 W peak), 
only a small fraction of which is absorbed bv the 
specimen. 

With resolution and signal/noise improvements, 
this imaging technique has a number of important 
advantages over other slower techniques. There is 
for example, the possibility of imaging moving ob- 
jects. This could be of importance in NMR cardi- 
ography, blood flow and internal motional studies. 
Even in cases where involuntary motion is not a 
problem, as in the head and limbs, a fast imaging 
technique could be valuable from the viewpoint of 
the comfort and management of the patient. 
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Nuclear Medicine—Focus on Clinical Diagnosis. By Richard 
P, Spencer, pp. 291, 1980 (2nd edit.) (Medical Examination 
Publishing Co., New York), $18.00. 

ISBN 0-87488-825-5 

The first edition of this book, published in 1977, was 
clearly a success. It gave a broad and rapid view of clinical 
nuclear medicine without discussion of physics or radio- 
pharmacy, and the second edition aims to do the same in a 
series of systematically arranged chapters, followed by a 
chapter on re cord-keeping and a glossary. 

There is a wealth of information in this book but it is not 
always presented lucidly. The style is often colloquial and 
better fitted to the lectures on which the book was originally 
based. Although only three years have elapsed since the 
previous edition it is disappointing that the only readily 
detectable change is an increase in the number of pages. 
Omission of many historical events and techniques and 
better illustrations would have been an improvement. There 
are one or two errors of fact, such as the inaccurate legend to 
the radiograph Fig. 8.6; a misprint of "sufficient" for 
"insufficient" on page 125; and the use of "dye" for “con- 
trast agent" 

It is boring to reiterate earlier criticisms but a fuller 
integration of nuclear medicine techniques with other radio- 
logical techniques would be more welcome by readers in 
this country. 

The chapter discussing record-keeping, etc., is more 
suited to legislation in the USA than the EEC but is never- 
theless interesting and useful reading. There is the merit 
that the only mathematics quoted are found at the end of the 
book, rather than the traditional opening broadside. 

Despite many valuable discussions and descriptions, the 
overall impact of the book is disappointing. The reason is 
perhaps found in the preface which indicates a dual use 
intended for the book, firstly as an initial text for residents in 
nuclear medicine, and secondly as part of the training pro- 
gramme in nuclear medicine technology, Such a dual aim 
cannot be attained successfullv within one volume. 

E. Ruvs Davies. 
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Scintillation Camera Acceptance Testing and Performance 
Evaluation. By the Nuclear Medicine Committee of the 
American Association of Physicists in Medicine (AAPM) 
(AAPM Report No. 6) 22 pp., 1980 (American Institute of 
Physics (for AAPM), Chicago), $3.00. 

ISBN 0-88318-275-0 

This report, prepared by the Nuclear Medicine Commit- 
tee of the American Association of Physicists in Medicine, is 
directed to users of nuclear imaging equipment and deals 
with proposed schemes for acceptance testing and perfor- 
mance evaluation of the scintillation camera. Since the test 
equipment necessary to do some of the performance 
measurements as laid down by the National Electrical 
Manufacturers’ Association (NEMA) may not be available 
to every user, the report describes appropriate procedures of 
a more qualitative nature. 

In addition to outlining methods of investigating temporal 
resolution, spatial and energy resolution, sensitivity, uni- 
formity and shield leakage, the report recommends a proto- 
col for electrical and mechanical safety inspection and the 
adoption of log books for tabulating performance, compo- 
nent failure and maintenance records. Those tests which 
yield numerical values for performance parameters compar- 
able to NEMA specification are indicated in the text. 

In general, the methods described are readily applicable 
by the user with a minimum of equipment although further 
discussion of those measurements suitable for regular rou- 
tine quality control would have added to the usefulness of 
the report. Some indication of flood-field source dimensions 
(3.2.1) in relation to detector field of view and a figure 
illustrating a typical transmission bar phantom (4.1.1.4) 
would have been helpful. 

In summary, however, this modestly priced publication 
should be of assistance to those users with little or no digital 
equipment who wish to undertake their own acceptance 
testing and performance evaluations. 

M. Suonr. 
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the screening cost 1s likely to be of the order of £3 

per screen by mammography (Mooney and Scott, 

1978), giving a total cost of £3 million per annum for 

each group of women screened. (The treatment costs 

should of course also be included but tend to be 
small in relation to screening costs.) 

Introducing these costs puts a different com- 
plexion on the issue, because in deciding who to 
screen we now have to form an explicit judgment of 
what monetary value we will attach to human life. 
Thus is it worth spending £30 million (£3 million 
for, say, ten vears) to save 11 lives of women aged 
55-59; or more brutally is the value of a woman aged 
55-59 more than £2.7 million? Is it worth spending 
£15 million (£3 million for five years) to save 41 lives 
of women aged 60-64; or is the value of a woman 
aged 60-64 more than 7,370000? 

We can complicate the analysis further in two 
ways: 

(a) by proposing an asymmetry in values, z.e. that a 
death avoided is valued at less than a death 
"created" (possibly reflecting the view that the 
health service cannot be seen to be doing harm— 
even if it is also doing good; perhaps most appa- 
rent in society's attitudes to adverse drug re- 
actions); 

(b) by allowing for “discounting”, i.e., deaths post- 
poned are better than deaths now. 

The effect of (a) would be to increase the costs of 
deaths "created", thereby increasing total costs from 
screening, and in turn requiring even higher values 
of life for lives saved to justify mammography in 
breast cancer screening; the effect of (b) would be to 
decrease the costs of deaths "created" since these are 
likely to occur later than deaths avoided, thereby 
requiring lower values to justify mammography in 
breast cancer screening. Since both the asymmetry 
and the rate of discounting involve an element of 
judgment, we have further reason to see why judg- 
ments as to whom to screen are extremely difficult. 
(On the basis of Bailar's figures, I would form the 
judgment that no one should be screened by mam- 


mography annually over a lifetime for breast cancer 

since asymmetry, in my judgment, is more powerful 

than discounting, and consequently I would need to 

place a value of more than £400000 on the life of a 

woman aged 60-64 before being able to argue in 

favour of annual mammography in screening for 
breast cancer.) 
CONCLUSION 
What this paper has attempted to do is to empha- 
size: 

(i) the importance of the cost-benefit approach to 
decision-making on resource allocation in those 
areas of activity in which life enters as a benefit, or 
loss of life as a cost ; 

(ii) the problems surrounding the issue of who is to 
do the valuing of such matters as life and death, 
and risk and benefit; and 

(iii) in the context of screening for breast cancer and 
the ICRP recommendations that resource costs 
matter, and that valuing human life and risks 
thereto cannot and should not be avoided. 
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ABSTRACT 

‘Tumour invasion of the inferior vena cava (IVC) is a 
complication of retroperitoneal tumours that can be 
identified at the time of ultrasound B scanning. We have 
recognized nine patients with proven IVC tumour thrombus 
from such tumours and have noted several common ultra- 
sound features. Six of these cases were associated with 
renal carcinoma, two with metastatic teratoma and one with 
rhabdomyosarcoma. The typical appearance included 
abnormal echogenic solid material in the lumen of the 
vessel. In sagittal section the anterior wall was domed as it 
stretched over the thrombus, and on real time scanning 
there was loss of the normal venous pulsations. Although 
similar abnormalities occur with non-tumour thrombus, the 
presence of these typical features in association with a retro- 
peritoneal tumour is likely to represent tumour invasion of 
the IVC, an important observation for accurate staging and 
subsequent management. 


Tumour invasion of the inferior vena cava (IV C) is a 
well recognized complication of renal carcinoma. It 
also occurs with other retroperitoneal tumours. 
Ultrasound has been used successfully in assessing 
the IVC for extension of tumour from renal car- 
cinoma (Goldberg et al, 1978; Goldstein et al., 
1978; Greene and Steinbach, 1975; Harris, 1976) 
and indeed for the mass effects of other nearby 
tumours (Gosink, 1978, Kurtz et al., 1979). This 
small series describes some of the ultrasound features 
of tumour thrombus in the IVC associated with 
retroperitoneal tumours. 


PATIENTS AND METHODS 

Patients were examined with a non-commercial, 
high-resolution grey-scale B scanner at 3.5 MHz and 
more recently also with the EMI 4500 Emisonic real 
time scanner. In this series of nine patients with 
tumour invasion of the IVC, five were due to renal 
carcinoma of the right kidney, one due to renal 
carcinoma of the left kidnev, two were associated 
with teratoma with massive para-aortic lymphadeno- 
pathy and one with rhabdomyosarcoma of the right 
psoas muscle. 'l'he final diagnosis of tumour 
thrombus in the IVC was reached by surgery or 
autopsy in five cases and was concluded in four cases 
on clinical grounds together with venogram or X-ray 
computed tomography confirmation. In only three 
cases was there clinical evidence of venous thrombus 
with bilateral leg oedema and/or pulmonary emboli. 


Once the diagnosis of tumour thrombus in the 
IVC had been reached, the ultrasound images were 
reviewed. Common morphological changes in the 
vessel and the features of the echo content were 


noted (Table I). 


RESULTS 
Several features were common to all nine cases. 
All were recognized because of an abnormality in the 
upper abdominal IVC at the level of the liver. The 
echo amplitude of the intraluminal thrombus was 
2 to or e abe that ad He liver in n cases 


five cases. eT wo cases had an M pattern 
but with predominantly high level echoes (Figs. 3, 4). 

The shape of the vessel was altered in all cases. 
Distension was judged present when the shape of the 
vessel in transverse section was altered from the 
normal flattened appearance to a more rounded 
shape as occurs in congestive heart failure (Fig. 15). 
This was seen in all but one patient who had an 
asymmetrical enlargement of the vessel which was 
partially filled with thrombus (Fig. 38). In six cases 
the vessel was also enlarged (Figs. 2, 3). There was a 
typical appearance in the sagittal section (Figs. 1a, 
2A, 3A). The posterior wall was relatively unaltered 
while the anterior wall was domed as it stretched 
over the thrombus. The lumen could not be 
recognized in four cases and these were the most 
difficult to diagnose (Figs. 18, 5). More recently real 
time scanning has enabled detection of venous pulsa- 
tions and helped to locate thrombus in the lumen. 


TABLE I 
ULTRASOUND FEATURES OF 


m rrr mnm rama sh an ret nnns a SA d E SHE rene VA Crt 


TUMOUR THROMBUS 


Upper abdominal IVC shows: 


—————— E Ranae TD e E 





Echogenic solid material in lumen 
Enlargement and distension 
Domed anterior wall 

Absent pulsations (real time) 


Ó€————— ————— P GÀ 
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Fic. |. 


Left renal cell carcinoma. (A) Sagittal section through the liver (L) and IVC which is filled with tumour thrombus (T). Note 

the echogenic solid material filling the lumen and the domed anterior wall of the vessel. (B) Transverse section through the 

liver (L). The aorta (A) lies to the left of the tumour-filled, distended IVC (T). (c) Left sagittal section through the left lobe 

of the liver (LL) and the aorta (A). The superior mesenteric artery (SMA) can be seen passing over tumour thrombus (T) 

in the left renal vein which is completely filled and distended. (p) IVC venogram showing a complete obstruction at the upper 

border of L2 vertebra. ‘The white arrow indicates the level of the xiphi-sternum. Contrast medium is shown in the azygos 
vein (black arrow). 


SO7 


VOL. 54, No. 646 


i. J. Pussell and D. O. Cosgrove 





B 
Fic. 2. 


Right renal cell carcinoma. (A) Sagittal section with tumour 

thrombus (T) in the IVC. Part of the lumen can be seen 

(arrows). Liver (L) lies anteriorly. (B) ‘Transverse section 

through the upper abdomen showing the IVC completely 

filled with homogeneous echogenic solid material (T). Note 

the distension and enlargement. The aorta (A) lies to the left 
in front of the spine (5) 


DISCUSSION 


Certain ultrasound features are common to all 
these cases of tumour extension to the IVC from the 
retroperitoneal area. Some of these features are not 
pathognomonic of tumour but can also occur with 
venous thrombosis in this and other vessels. Disten- 
sion and contained solid material have been shown to 
occur with non-malignant thrombus (Azimi et al., 
1978; Fowler and Paciulli, 1978). Since patients with 
malignancies have an increased tendency to throm- 
distinction between tumour and 


bosis, the non- 


tumour thrombus is most important for proper 





scle. (A) Sagittal section 

showing the grossly enlarged IVC with domed anterior wall 

(arrows) filled with heterogeneous echoge nic solid tumour 

(T3. (B) ‘Transverse section through the liver showing the 

tumour (T) within the asymmetrically enlarged IVC (arrows) 
iust to the right of the aorta (A) 


Rhabdomvosarcoma of right psoas mu 


staging and management. Often this distinction will 
not be possible by ultrasound even with sophisti- 
cated tissue characterization methods because of a 
small tumour component to the thrombus in some 
cases. In this situation all imaging techniques will 
fail to make the distinction. If tumour is the pre- 
dominant component then enlargement of the vessel 
can also be expected and the diagnosis made with 
CT and 
1962; Steele et al., 


more confidence. This is true also for 
venography (Holtz and Powers, 
1978). 

Regardless of these difficulties, if all the ultra- 
sound features described here are found in a patient 


with retroperitoneal tumour, then there is a high 
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FIG. 4. 


Teratoma. (A) Sagittal section through the liver (L) and IVC. 
The lumen ts partially patent (arrows) but tumour thrombus 
(T) almost completely fills the vessel. The thrombus appears 
as heterogeneous echogenic solid material. (B) Transverse 
section. The partially tumour (T) filled lumen (arrows) is 
shown between the gall bladder (GB) and the aorta (A). 
(c) ‘Transverse section. A tongue of solid material can be 
seen projecting into the lumen of the IVC (arrows). The 
aorta (A) lies to the left. 





FIG. 5. 
Right renal carcinoma. Transverse section. ‘Tumour throm- 
bus in the IVC (T) appears as homogeneous solid material 
with echo amplitude equal to the liver. The portal vein (PV) 
les anteriorly and the aorta (A) to the left. 


level of suspicion of tumour invading the IVC. Con- 
versely, these features should be sought in all cases of 
retroperitoneal tumour by a careful assessment of 
IVC patency. 
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ABSTRACT 
Performing an ultrasound scan of the lumbar spine pro- 
duces a multitude of backscattered echoes from the bony 
structures between the transducer and the vertebral struc- 
tures. We present in vitro evidence to demonstrate the 
potential sources of uncertainty. 


The use of diagnostic pulse echo ultrasound to 
measure the spinal canal has recently been proposed 
(Porter ei al., 1977; 1978b). Other papers describing 
both specific applications of this technique and more 
generalized aspects of the role of ultrasound 
measurements in the clinical management of low 
back pain have been presented (Porter et al., 19782; 
1980a; 1980b). Few other authors have commented 
on this technique and their comments generally do 
not share the initial enthusiasm (Hawkes and 
Roberts, 1980; Park, 1980; Stockdale and Finlay, 
1980; Veiga-Pires et al., 1981). However, a response 
in favour of this application has been given (Ottewell 
and Howells, 1981). 

We wish to discuss in rather more detail the 
logistics of scanning the lumbar spinal canal. The 
role of this procedure in clinical practice is not of 
immediate concern in this paper but we feel entitled 
to make a few generalizations regarding the con- 
sequences of not being able to resolve any or all of 
the potential artefacts that we shall describe. 


MATERIALS AND METHODS 
In order to clarify some of the unusual results that 
we have reported elsewhere (Stockdale and Finlay, 
1980) we embarked on a series of in vitro experiments 
in order to highlight the origins of anv potential 
artefacts. 


1. In vitro work 

Two dried lumbar vertebrae (L4 and Ls) were 
fastened together with a plasticine insert of about 
| cm thickness between them. The vertebrae were 
submerged in distilled water with the transducer 
inclined at 15° to the lumbar axis (Fig. 1). The 
ultrasound machine used was a Nuclear Enterprises 


[Present address: X-ray Department, Royal Infirmary, 
Leicester. 
Reprint requests: Dr. Stockdale. 


4200 Diasonograph with a transducer of nominal 
frequency 2.25 MHz (13 mm diameter, long internal 
focus). 

B-scan images were produced across the oblique 
sagittal dimension by both linear and compound 
scanning. These scanning techniques are well 





Fic. t. 


Location of the transducer for in vitro scanning. Initially, 

the transducer was scanned along the spinal axis at 15° to the 

sagittal plane with the transducer located visually over the 

middle portion of the lamina (solid line). Subsequent scans 

were similarly generated but with the transducer moving in a 

plane either 4 mm more laterally or 4 mm more medially 
than the original plane (dashed lines). 
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Typical in vitro B-scan images. The upper row is generated by linear scanning and the lower by compounding. 

The middle column was obtained with the transducer in the mid-position shown in Fig. 1. The column on the 

left was obtained by moving the transducer 4 mm more medially whilst that on the right was obtained by moving 

the transducer 4 mm more laterally. L represents the image from the posterior lamina surface, V represents the 
image from the posterior vertebral body surface 


described. elsewhere (Shirley et al., 1978). Similar 
scans were also produced both at 4 mm more lateral 
and at 4 mm more medial to that plane (Fig. 1). The 
images that were produced are obviously not identi- 
cal but they do contain the same basic features, that 
is, the posterior lamina surface and the posterior 
surface of the vertebral body (Fig. 2). Note the 
apparent difference in the canal dimensions when 
using different scanning planes. Moving the plane 
more laterally appears to reduce the canal gap on the 
B-scan. 

From the linearly generated images, it is clear 
that negligible transmission of ultrasound through 
the lamina is seen since there is only a small amount 
of overlap between the reflections from the lamina and 
its vertebral body. Some overlap will be produced 
due to the finite width of the interrogating ultrasound 
beam. Consequently, transmission of ultrasound 
through the lamina as described by Porter ef al., 
(1978b) is doubtful. The increased overlap of the 
lamina and the vertebral body when compound 
scanning is compared with linear scanning is a result 
of rocking the transducer. The problem associated 
with choosing the appropriate scanning plane is 
considered by us to be one of the major factors 
determining the confidence one can place in the in 


vivo procedure. 


S71 


The question of deciding which A-scan peaks 
correspond to which of the various anatomical 
One 


composite echo (Fig. 3) moving in a manner defined 


structures is not trivial. observes a broad 
by the lamina’s posterior surface contours when 
moving the transducer along the spinal axis. Due to 
the ultrasound beam width, this composite echo will 
be made up of reflections from either facet joints or 
posterior spinal processes depending on the precise 
location of the scanning plane. Of the individual 
echoes making up this composite echo, the reflection 
off the more anterior edge of lamina that probably 
needs to be used to quantify the spinal canal will be 
the one occurring latest in time. It is well known that 
the two 
caliper pips which define the distance being quanti- 
hed need to be located on the start of the leading 
edge of the A-scan peak (McDicken, 1976; Shirley 
et al., 1978). The leading edge of the lamina echo 


ultrasound measurements require that 


may be lost in the other echoes making up this 
composite echo. The leading edge of the echo from 
the posterior surface of the vertebral body can 
usually be picked out with adequate confidence. 

The achievement of a unique definition of the 
lateral displacement of the transducer by searching 
for echoes of equal amplitude has been suggested by 
Ottewell and Howells (1981). However, such echoes 
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In vitro A-scan echo patterns produced when moving the transducer along the mid-position shown in Fig. 1. The com- 
posite echo (C) moves in time corresponding to the posterior surface contours of the lamina. The echo marked D arises 


from the posterior surface of the vertebral body 


The photographs were taken at 2 


mm intervals along the spinal axis. 


Photograph 1 was taken with the transducer located over the most posterior aspect of the lamina. Photograph 5 shows the 


ultrasound beam intercepting both the anterior lamina edge and the posterior margin of the vertebral body 


. Photograph 9 


was taken with the transducer located between adjacent laminae with no significant echo from either lamina and a domi- 
nant echo from the posterior margin of the vertebral body, 


can be generated from the same canal space by 
moving the transducer either laterally in a fixed 
location along the spine or along the spinal axis 1n a 
fixed lateral plane. This phenomenon can be seen by 
looking at the “A” scans generated at the two ex- 
treme positions of the transducer shown in Fig. 1. 


These A-scans are shown in Fig. 4. The echoes of 


equal amplitude shown in frame 4 (or 5) of Fig. 3 
could be confused with those displayed in frames M2 
and L4 in Fig. 4. 

Therefore, even in this rather simplified arrange- 
ment of dried bones suspended in water, there is still 
a problem of reliably quantifving that which at best 
is selected somewhat subjectively. Measuring from 
the trailing to the leading edge across changes in 
acoustic impedances Can lead to errors in the re- 
corded dimension. The magnitude of these errors 


will be a function of the electronic processing within 
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ultrasound machine be 


but 


the 
estimated 


and cannot reliably 
to the 


measured dimension of possibly a few millimetres. 


could lead reductions in 


2. In vivo work 


Bearing in mind our observations from the in vitro 
studies, we must comment on the 7» vivo use of this 
technique. We feel that three potential problems 
exist, Firstly, one has to select the appropriate scan- 
ning plane; secondly, one has to identify reliably the 
A-scan peaks and thirdly, one has the difficulty of 
deciding where to locate the caliper pips on the echo 
pattern, Any one of these problems, unless satis- 
factorily resolved, is capable of giving artefactual 
results. Whether it is possible to eliminate these 
problems by improving the scanning technique is 
debatable. Admittedly, a good knowledge of ortho- 


paedic anatomy and a sound understanding of the 
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In vitro A-scan echo patterns produced when moving the transducer along the more lateral (L) and more medial (M) planes 
shown in Fig. 1. The photographs were taken at 4 mm intervals along the spinal canal. M1 (and L1) were taken with the 
transducer located over the most posterior aspect of the lamina. M6 (and L6) were taken with the transducer located between 


adjacent laminae. (L6 contains additional echoes, possibly originating from facet joints.) 


physics of ultrasound mensuration will help diminish 
these problems but nevertheless, problems will still 
remain. 

One could perhaps carry out a comparative trial in 
order to assess either intra- or inter-observer vari- 
ability. However, should two operators apply the 
same subjective criteria when selecting the scanning 
plane or perhaps, identifying the echoes from a 
particular plane, then a meaninglessly small inter- 


observer discrepancy would be recorded. 


CONCLUSION 
We feel that the use of diagnostic ultrasound to 


quantify the spinal canal is novel and worthy of 


note. However, we feel bound to highlight those 
areas in which we consider that problems exist. 
Clearly, more investigations need to be made in the 
acoustic interactions occurring within the lumbar 
spine. 

It should be added that two classes of results are 
possible. Firstly, the canal dimension at each verte- 
bral level could be similar for a particular individual. 
The implication from such a result is that either the 
expected oblique sagittal dimension is being assessed 


or that due to incorrect selection of the scanning 


plane, all the results are artefactually high or low. In 
our opinion, which of these two situations is actually 
the case cannot be known at present. 

Secondly, the canal dimensions at each level 
could be irregular and unpredictable. From such a 
result, one may be recording true canal anatomy, or 
perhaps, due to incorrect echo selection and/or 
incorrect placement of the pips, one may merely be 
recording meaningless and inappropriate lengths. 
Again, in our opinion, which of these options is 
actually occurring is indeterminate at present. 
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Lumbale Myelographie mit wasserléslichen Kontrastmitteln 
(Lumbar myelography with water-soluble contrast media), By 
M. Langlotz, pp. x-- 279 391 illus., 1981. (Fortschritte auf 
dem Gebiete der Róntgenstrahlen und der Nuklearmedizin 
(Advances in the field of X rays & nuclear medicine): 
Diagnostik, Physik, Biologie, Therapie. Ergánzungsband 
109 (Supplementary Vol. 109)) (Georg Thieme, Stuttgart/ 
New York), DM.178. 

ISBN 3-13-5876-01-—2 

'The revival of interest in water-soluble preparations for 
use in myelography was hastened by the introduction during 
the last ten to 15 vears of new and safer products for use in 
this important investigation. ''hey have proved of particular 
value in lumbar mvelography and although much had been 
written in the literature it appeared as isolated reports of 
experiences or communications about small groups, or even 
single cases. 

Dr. Michael Langlotz in Zürich has had a very extensive 
experience of the the use of this method and it is indeed good 
that he has taken it on himself to summarize a lot of what has 
appeared in the literature, and also to draw on his wide 
personal knowledge and collection of films. 

The book is divided into two parts, the first 45 pages being 
a discussion of the theory of the procedure with sections on 
anatomy, the materials available with a history of their use, 
and discussions of the normal and the pathological mvel- 
ogram. The technique of the procedure is discussed in detail 
so that the veriest beginner can benefit. Post-myelography 
management is described and there is a good account of 
artefacts and how to avoid them. The value of the various 
oblique views as well as erect films with a horizontal beam 
is emphasized, especially in the diagnosis of disc lesions, 
including far lateral foraminal ones. 

There are separate chapters on malformations, herniated 
discs, stenosis of the lumbar canal, and tumours, as well as an 
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account of the appearances and artefacts which may be 
encountered in a post-operative myelogram. There is an ex- 
tensive bibliography comprising a total of 334 entries, 
grouped for ease of reference under each chapter heading. 
There are, for example, 63 papers on lumbar canal stenosis 
and 83 on the post-operative” myelogram. 

Tomography is regarded as unnecessary in most cases, 
except occasionally as a confirmatory measure. It was 
actually done in about ten per cent of cases and proved of 
value for (1) showing the conus, (i) occult dysraphism, 
(ii) changes in the nerve roots and vessels in their course in 
the dural sac and (iv) bony stenosis in the differential 
diagnosis from disc herniation. Although not mentioned in 
this monograph it is likely that CT scanning will replace 
certain specialized techniques for the solution of some 
atypical problems. 

The second part of the book first shows the normal 
anatomy and afterwards provides a comprehensive atlas of 
all the various conditions, In the section on normal anatomy 
there are some splendid radiographs of macerated specimens 
of the lumbar spine and of individual vertebrae, which will 
be of immense value for teaching. The value of the atlas is 
certainly enhanced by the excellent reproduction of the 
films, in their original size. There are more than 200 pages, 
with the films reproduced on the right-hand page and a 
summary of the clinical history on the left-hand page. The 
quality of the whole book is such as we have learned to expect 
from Thieme Verlag. 

The pictures are so superb that this “Atlas” should be of 
value to all neuro-radiologists, even if they are not readers of 
German. It is a pleasure to handle and will be a valuable 
primer for beginners and an excellent reference book for 
experienced practitioners. It can be unreservedly recom- 
mended. 

CHARLES LANGMAID. 
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ABSTRACT 

The distributions of dose across a plane bone-marrow 
interface on irradiation with various diagnostic X-ray beams 
at a representative site have been determined using the 
Monte Carlo method. The site was in a dorsal vertebra near 
its surface and situated at a depth of 70 mm under the skin. 
The X-ray beams studied were generated at 100, 90, 80 and 
70 kV with 2 mm aluminium added filter and at 55 kV with 
1 mm aluminium added filter. 

It was found that the dose to bone marrow due to excess 
photoelectrons produced in bone falls off rapidly as the 
distance from the bone-marrow interface increases. Con- 
sequently, the percentage excess dose to a plane bone- 
marrow cavity, which is almost constant for the range of kV 
studied, is significant only if the cavity size is small. 


Active or red bone marrow is contained in cavities 
between trabeculae in the spongy parts of bone. 
Since bone tissue consists of a larger percentage of 


elements with high atomic numbers, mainly calcium, . 


it has a higher photoelectric cross-section than bone 
marrow. Consequently when the spongy part of a 
bone is irradiated, as during a diagnostic X-ray 
examination, with a beam of photons of energy up to 
100 keV for which the photoelectric cross-section is 
significant, bone marrow near its interface with bone 
receives a higher dose than it would receive under 
electronic equilibrium conditions at sites remote from 
a bone surface. | 

It is now well established that leukaemia may be 
induced by irradiation of active bone marrow. The 
excess dose to bone marrow during irradiation with a 
low-energv photon beam has, therefore, interested 
many workers. 

There is a very wide variety in the shapes and 
sizes of trabeculae and the marrow spaces between 
them (Spiers, 1968). It is, therefore, very difficult to 
calculate the dose distribution across a bone-marrow 
interface without some simplifying assumption re- 
garding the interface. The usual shape of a bone- 
marrow cavity suggests that a cylindrical interface is 
generally a good assumption. Some trabeculae are, 
however, narrow plates and bars of bone (Johns and 
Cunningham, 1969). In such cases the interface can 
be assumed to be plane, without much inaccuracy. 
All the calculations of the dose distributions across 
bone-marrow interfaces on irradiation by photons 
have, therefore, been made in the past for plane or 
cylindrical interfaces. Early calculations have been 
made with further simplifying assumptions that 


secondary electrons travel in straight lines and lose 
energy at a uniform rate (Spiers, 1949, 1951; 
Munson, 1950; Woodard and Spiers, 1953). 
Charlton and Cormack (1962) first incorporated the 
variation of energy loss with electron energy fairly 
accurately during calculations for monoenergetic 
beams of photons. Aspin and Johns (1963) then 
made calculations for continuous X-ray spectra using 
the technique of Charlton and Cormack (1962). 
Charlton (1970) and Kulkarni ef al. (1972) con- 
sidered both the variation of energy loss and electron 
scattering. Charlton (1970) used the dose distribu- 
tions due to point isotropic electron sources cal- 
culated by Spencer (1959) by the moments method. 
Kulkarni et al. (1972) showed how the dose distribu- 
tion across a plane bone-marrow interface can be 
calculated using the moments method, independently 
of Spencer's (1959) results. However, while Charlton 
(1970) assumed equivalent distances in different 
materials, Kulkarni et al. (1972) assumed that bone 
and bone marrow are equivalent as far as electron 
scattering is concerned. These assumptions were 
eliminated by Sunderaraman and Prasad (1975) 
while using the Monte Carlo method to calculate the 
dose distribution across a cylindrical bone-soft tissue 
interface on photon irradiation. It was, therefore, 
considered desirable to calculate the dose distribu- 
tion across a plane bone-marrow interface also using 
the Monte Carlo method. The distributions were 
determined for diagnostic X-ray beams generated at 
100, 90, 80 and 70 kV with 2 mm aluminium added 
filler and at 55 kV with 1 mm aluminium added 
filter, at a representative bone marrow site, vig., near 
the surface of a dorsal vertebra. 'The site was taken at 
a depth of 70 mm under the skin, because the surface 
of the dorsal spine is at about that depth (Ellis, 1961). 


METHOD 

The Compton coefficients per unit mass are 
almost equal in bone and soft tissue. Compton 
electrons, therefore, give almost the same dose to 
bone and bone marrow. In this work the contribution 
of excess photoelectrons produced in bone was com- 
puted using the Monte Carlo method. For this 
purpose the following procedure was adopted for 
every X-ray beam studied: 
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The region in bone marrow adjoining its interface 
with bone was divided into a number of slabs of 
equal thickness. For 70 kV X rays the slab thickness 
was 1/40 of the range of the most energetic secondary 
electrons and for other X-ray energies 1/10. Bone 
thickness was assumed to be sufficient to provide 
electronic equilibrium. This is the case for diagnostic 
X-ray beams (Spiers, 1968). 

Four thousand histories were generated in bone up 
to the range of the most energetic secondary 
electrons. As in most of the earlier work it was 
assumed that the photon beam was perpendicular to 
the bone-marrow interface and that electrons were 
produced isotropically. Since an X-ray beam makes 
different angles with different interfaces, the above 
assumption can be expected to give more or less the 
average of the dose distributions in different cavities. 

For sampling the initial energy of a photoelectron, 
its probability density function was needed. This 
function is the product of the relative photon 
intensity and the difference in photoelectric cross- 
sections in bone and bone marrow. Thus the photon 
energy spectra at a depth of 70 mm (at the site of 
interest) due to the different X-ray beams studied 
were needed. They were calculated using essentially 
the same Monte Carlo technique as used by Bruce 
and Johns (1960). The incident spectra of the dif- 
ferent X-ray beams were taken from Epp and Weiss 
(1966). The initial energy, position and direction of 

the electrons were sampled on the basis of their 
respective probability distributions. 

The artificially-constructed condensed random 
walk of the electron was then tracked by the method 
described by Berger (1963). Each step of such a walk 
takes into consideration the cumulative effect of a 
large number of elastic and inelastic collisions under- 
gone by the electron. The size of a step in these 
calculations was such that the energy of the electron 
would come down, on average, by a factor of 271/16, 
The continuous slowing-down approximation was 
used. Transverse displacements were neglected. As 
the secondary electrons in this work all have low 
energies (less than 100 keV) and this is a one- 
dimensional problem, these simplifications are not 
likely to have introduced any significant error 
(Berger, 1963). 


RESULTS AND DISCUSSION 
Figure | shows, as a typical example, the distribu- 
tion of excess dose to bone marrow near a bone- 
marrow interface for a 70 kV X-ray beam with 2 mm 
aluminium added filter at a depth of 70 mm under 
the skin. This would be the average dose distribution 
in the dorsal spine during a chest (postero-anterior) 
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The distribution of excess dose to bone marrow near a plane 
bone-marrow interface. The distribution calculated in the 
present work is for an X-ray beam at 70 kV with 2 mm Al 
added filter, at a site near the surface of a dorsal vertebra, at 
a depth of 70 mm under the skin. The distance from the 
interface is in units of the range of an electron of energy 

70 keV, and, in parentheses, in um. 


examination. It can be seen from this figure that the 
excess dose extends only over a small fraction of the 
range of the most energetic secondary electrons. 'T'he 
dose distributions for 25 and 35 keV beams given in 
ICRU (1959) are also shown in the figure, because 
the effective energy of the 70 kV beam is 29.5 keV. It 
can be seen from the figure that the distributions for 
25 and 35 keV beams are quite close to the distribu- 
tion for the 70 kV beam but the latter extends farther 
because of the presence of higher energy photons. 
Since the dose to bone marrow due to excess 
photoelectrons in bone is received over only a small 
distance from the interface, the percentage excess 
dose to a cavity can be significant only if its size is 
small. The percentage excess dose to a plane cavity 
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TABLE 1 
PERCENTAGE EXCESS DOSE TO A PLANE BONE-MARROW CAVITY OF 200 uM THICKNESS AT A DEPTH OF 70 MM DUE TO 
SURROUNDING BONE 





Percentage 
| excess dose Percentage excess dose 
Half value Effective --standard 
Added Thickness photon | deviation, Jacobs and 
kV filter mm Al* energy, keVt this work ICRU (1959) Spiers] 
100 2 mm Al 2.75 32 11.6 4 1.1 15 10.4 
90 2mm Al 2.5 31 9.8 m 0.9 
80 2mm Al 2.3 30 9.9 +0.8 
70 2mm Al 2A 29.5 9.0 +-0.7 
55 1 mm Al 1.4 25 8.8 .- 0.6 10 6.9 


* British Journal of Radiology Supplement 11, Fig. 1.1, p.i. 


t British Journal of Radiology, Supplement 11, Table C1, p. 107. 


1 Quoted by Spiers (1968), Percentage excess doses are for a cylindrical cavity in the iliac crest. 


of thickness 200 um due to the different beams 
studied is shown in Table I. The values are almost 
equal for all the kVs. The reason, as can be seen from 
Table I, is that the effective energies of the different 
beams are very close. 'T'he percentage excess doses 
given in ICRU (1959) and by Jacobs and Spiers 
(quoted by Spiers, 1968) are also shown in Table I 
for comparison. 'The percentage excess dose to a 
plane marrow cavity of any size will be inversely 
proportional to the cavity size. 
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ABSTRACT 

Thirty-seven patients with advanced non-Hodgkin's 
lymphoma who were treated by total-body irradiation (TBI) 
at the Royal Marsden Hospital are reviewed. Twenty-four 
patients had received no previous therapy; 13 patients were 
in relapse. The overall response rate was 73°, for nodular 
lymphomas and 80%, for those with diffuse disease. The 
duration of complete response ranged from two to 41 months 
(median 12 months). Subsequent chemotherapy was given 
successfully except in patients with prolonged th rombocyto- 
penia which appeared to be related to an initially involved 
bone marrow. Hemibody irradiation (HBI) was the least 
myelosuppressive form of TBI and is now being used in 
complete remission following chemotherapy. 


The majority of patients with non-Hodgkin's lym- 
phoma (NHL) have disseminated disease at presen- 
tation and systemic therapy is therefore the most 
logical approach to their management. Single-agent 
chemotherapy regimes are relatively ineffective and 
more aggressive combination schedules have had 
only limited success. 

Total-body irradiation has been used in the 
management of advanced lymphomas for over a 
decade. Johnson (1972) reported a series of 27 
patients who received TBI and had a complete 
remission rate of 9395 with a median remission 
duration of 26 months. It was hoped that these high 
complete remission rates might be reflected in 
increased survival when long-term follow-up became 
available. In 1978 a randomized trial of combination 
chemotherapy with cyclophosphamide, vincristine 
and prednisolone compared with TBI for advanced 
poorly-differentiated lymphomas was carried out by 
the National Cancer Institute (NCI) (Young et al., 
1977; Johnson ef al., 1978). They have studied 72 
patients in all and found that response and survival 
rates are similar in the two groups. 

This paper reports the experience of the Royal 
Marsden Hospital between 1973 and 1977 with TBI 
in the treatment of 37 patients with advanced 
lymphomas. 


METHODS AND MATERIALS 
Thirty-seven patients were treated, of whom 24 
had received no previous therapy. The remaining 13 





——X — 





*Present address: Regional Radiotherapy Centre, St. Luke's 
Hospital, Warren Road, Guildford, Surrey. 


patients were in relapse after previous chemotherapy 
or local radiotherapy, The median age was 56 years 
(range 25-82 years). All patients were investigated 
with chest radiography, lymphangiogram and intra- 
venous urogram, bone marrow aspirate and trephine 
and liver function tests, Twelve patients had Stage 
IH disease and 25 had Stage IV disease, using the 
Ann Arbor staging system. 

All patients had proven histology classified accord- 
ing to Rappaport. Twenty-two patients had nodular 
lymphomas, and 15 patients had diffuse histology. 
Patients with diffuse histiocytic lymphomas were 
excluded, The distribution of patients according to 
histology is shown in Table I. No therapy was 
instituted in cases of nodular lymphoma until there 
was definite evidence of progressive disease. 

Using a 6 MeV photon beam patients were 
irradiated in the sitting position with their arms 
crossed in front of the chest and tissue-equivalent 
material used as bolus between the legs. No part of 
the body was shielded. Doses were checked in all 
patients using lithium fluoride thermoluminescent 
dosimetry. Both sides of the body were treated at 
each session using two lateral fields. For low-dose 
TBI three treatment regimes were employed as 
outlined in Table I]. When hemibody irradiation 
(HBI) was given, the most involved half was irra- 
diated first and no skin gaps were left. Allopurinol 
was given to prevent uric acid uropathy. 


TABLE I 
DISTRIBUTION OF HISTOLOGY 








Nodular Diffuse 
MDLL 
PDLL 
WDLL 
Mixed L-H 
DU 




















DU = diffuse undifferentiated. 
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Full blood counts were taken before each treat- 
ment and treatment was witheld if there was a rapid 
fall in platelet count. 


RESULTS 
The criterion for complete response was disap- 
pearance of all palpable and radiological disease. 
Partial response was defined as clearance of more 
than 5094 of demonstrable disease for a period of 
three months. The complete response rate in patients 
with nodular disease was 64%, (14 out of 22) with 
seven out of ten with poorly differentiated nodular 
lymphocytic lymphoma showing a complete re- 
sponse. In the diffuse group, 40°, (six out of 15) 
showed a complete response (Table III). The overall 
response rate was 73°, (16 out of 22) for the nodular 
lymphomas and 80°, (12 out of 15) for the diffuse 
group. This overall response rate proved to be 
similar to that found at other centres as seen in 
Table IV (Choi et al., 1979; Rees et al., 1980; Thar 

et al., 1979; Young et al., 1977). 


TABLE Il 
TOTAL BODY IRRADIATION PROTOCOLS 


| t TBI 





| 1.5 Gy mpd in 10f 
and 12 days 






13 patients 










2 Protracted TBI | 1.5 Gy mpd in 10f 

(P'TBI) twice weekly 5 weeks | 13 patients 
3 Hemibody 3 Gy mpd in 10 f and 

irradiation 12 days. Other half 

(HBl) 6—8 weeks later 11 patients 






Note. mpd means mid-plane dose; f means fractions. 


TABLE III 
Response to TBI 














| Tou 
no. of 
| Histology CR PR None patients 
Nodular 
MDLN 4 2 2 8 
PDLN 7 0 3 10 
Mixed L-Hj 3 0 1 4 
Total 14(649,)] 2(994) 6 (2795) 22 
Diffuse 
MDLD 


mm eene Eti terr ert T mr terrre rra as aaa t aa a a aa a a tne Nero D erre oer rre re i ra a Ma 


6 (40%) | 3 (2075) 15 





Duration of response was measured from com- 
pletion of TBI to the first objective evidence of 
relapse. The longest median duration of response 
was 26 months in a group with poorly differentiated 
nodular lymphocytic lymphoma. The range of 
duration. of response was four to 41 months for 
nodular lymphomas and two to 36 months for diffuse 
tumours. The median duration of response for the 
whole group was 12 months. 

Twenty-four patients had not received any other 
form of therapy before TBI and were analysed 
separately. For the patients with nodular lymphoma 
the response rate was ten out of 13 for those with no 
prior treatment compared with six out of nine for 
those who had been previously treated. The duration 
of response was 15 months in the previously un- 
treated group compared with 12 months in those who 
had received prior treatment. We also compared 
those who had a complete response with those who 
had a partial response to see if complete remission 
led to an advantage in terms of longer disease-free 
interval. Those with a complete response had a 
disease-free interval of 11 months compared with 12 
months to progression of disease for those who had 
a partial response. 

Figure 1 shows a comparison between the survival 
in the nodular versus diffuse histology patients, with 
the median survival rates being 50 versus 42 months 
respectively. There was no difference in the actuarial 
survival rate of complete responders compared with 
partial or non-responders (Fig. 2). 

Treatment was well tolerated and was given on an 
outpatient basi. Bone-marrow toxicity was the 
major complication with the lowest white-cell and 
platelet counts occuring at four to five weeks after 
completion of treatment. Fourteen out of 37 (3895) 
patients had marked thrombocytopenia with platelet 
counts of less than 50000/mm? but there were no 
serious bleeding problems. In six patients, no further 
chemotherapy was possible due to prolonged throm- 
bocytopenia. Three of these patients had poorly 











TABLE IV 
OVERALL RESPONSE RATE 
Series Nodular Diffuse 
Cholera | 26/31 (84%)| 7/8 (87%) 
PRecweral.. — 12/16 (7594) — 316 (50%) 
Tharetal. | 29/30 (979,)| 17/18 (94%) 


32/33 (97%) 
16/22 (73%) 





12/16 (75% 
12/15 (80%) 


Young et al. 


Royal Marsden Hospital 
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TABLE V 
CHEMOTHERAPY AFTER TBI 


No chemotherapy 
needed post TBI 


Marrow status 
Involved 


Not Involved 
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Fic. 1. 
Nodular vs. diffuse lymphomas. Actuarial survival rates. 


differentiated nodular lymphocytic disease and three 
nodular mixed lymphoma. All six patients had an 
involved bone marrow. It is interesting to note that 
isolated thrombocytopenia also occurs after bone- 
marrow transplants (BMT) and autologous marrow 
grafts. This could theoretically be due either to 
there being no remaining normal stem cells following 
treatment, or persisting disease causing suppression 
of repopulation of the marrow, or damage to the bone 
marrow stroma. 

Nineteen out of 37 patients had an involved bone 
marrow and six were unable to tolerate chemo- 
therapy in relapse due to prolonged thrombocyto- 
penia. The remaining 18 patients had a normal bone 
marrow and none of these were prevented from 
receiving further chemotherapy when they relapsed 
(Table V). Our earlier report that HBI is less myelo- 
suppressive than TBI appears to be confirmed by 
this update. Five patients receiving HBI had a 
normal bone marrow and none of these developed 
prolonged thrombocytopenia, compared with two 
out of six patients with normal bone marrow who 
received TBI. The most significant factor appeared 
to be the presence of an involved bone marrow with 
five out of six in the HBI group and five out of seven 
receiving TBI developing marked thrombocyto- 
penia, 


Chemotherapy Chemotherapy 


impossible 
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Complete vs, partial and non-responders. Actuarial survival 
rate. 


Two out of 37 patients developed clinical hypo- 
thyroidism, one at seven months and the other at 
50 months post-TBI. This is in comparison with 
nine out of 36 patients after mantle-field irradiation 
for Hodgkin’s disease at this hospital at six months 
to 14 years (unpublished data). It is possible that 
these cases of hypothyroidism following TBI were 
radiation-induced but it could equally be a naturally 
occurring phenomenon in an elderly group of 
patients. No cases of hypothyroidism have been 
reported yet after high-dose single fraction TBI. 


DISCUSSION 

Our result of an overall response rate of 76° is in 
agreement with the reports of other authors on the 
efficacy of TBI in advanced NHL (Chaffey et al., 
1976). The response rate is similar to that reported 
with chemotherapy and is without serious toxicity. 
Subsequent chemotherapy was given successfully 
except in those patients with prolonged thrombo- 
cytopenia. However, one must conclude that TBI 
does not confer any advantage in terms of cure even 
in the complete responders. Haefliger et al. (1979) 
reported on changes in lymph-node size following 
systemic irradiation for advanced lymphomas in 
some of the patients presented here. Their conclu- 
sion that HBI produced a greater growth delay than 
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‘TABLE Vi 
COMPARISON OF THREE TBI PROTOCOLS 


| Median 


duration of 


| 
Complete response 
| Response remission (months) 
| HBI 7/11 (64%) 7/11 (64%) 16 
PTBI | 11/13 (84°) 5/13 (38%) 14 
TBI 9/13 (69%) 7/13 (5494 10 





TBI may be reflected in the greater median duration 
of response for patients receiving HBI as reported in 
this series (Table VI). 

We are therefore currently studying the effect of 
giving chemotherapy first to obtain complete remis- 
sion followed by sequential HBI to try and improve 
disease control and survival rate, 
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Book reviews 


Lecture Notes on Clinical Oncology. By Barry W. Hancock 


Scientific Publications, Oxford), £5.50. 
ISBN0-632-00674—9 

Those senior members of the profession who are usually 
asked to review books in the columns of august journals in 
this country tend to sneer at students’ handbooks. They 
often take delight in detailing the omission of sections which 
they claim to be essential reading. It is possible to provide a 
readable, accurate and up-to-date account of the aetiology, 
investigation and management of cancer, subdivided both 
by organ of origin and treatment modality, and compress it 
into 200 pages of a small pocket book. I believe that Drs. 
Hancock and Bradshaw have done this successfully and I 
congratulate them. It is a much more difficult task than 
compiling a large monograph on a single aspect of cancer. 

‘This is not a cram book for students. It is background 
reading intended to provide a balanced viewpoint of the team 
approach to cancer. It is directed to undergraduate and post- 
graduate students, but in my opinion it could usefully be 
dipped into, as the occasion demands, by those nurses, 
radiographers, physicists and social workers who are associ- 
ated with the management of the cancer patient. It is free 
from those technical and histopathological photographs 
which tend to put off the non-specialist student. It even has 
sections on cancer education, screening, prevention and 
terminal care. 

By its very nature, the approach of the book must be 
broad and superficial. How else, for example, can you cover 
the subject of breast cancer in eight small pages, including 
its aetiology, epidemiology, pathology, clinical presentation 
and staging, diagnosis, hormone receptor assay, manage- 
ment by surgery, radiotherapy, endocrine and chemo- 
therapy, prognosis and screening? There are a few spelling 
mistakes and errors in syntax. These are small criticisms of 
a book which aims to present a consensus in a subject which 


is in a constant state of flux and where the members of the 
management team may have differing views on the efficacy 
of the modalities employed in treatment. 

BasiL A. STOLL. 


Roentgenology of Lymphomas and Leukemias. By Benjamin 
Felson, pp. x +134, 1980 (Grune and Stratton, New York), 
$24.50. 

ISBN 0-8089—1333-6 

Twenty separate authors have contributed to this book 
under the editorship of Dr. Benjamin Felson. 

The separate chapters on diagnostic radiology are pre- 
ceded by chapters on pathology, staging and management, 
and variants and pre-lymphomatous disorders. These are 
lucid, comprehensive and make an excellent introduction to 
the radiology. 

The chapters on radiology are of a uniformly high 
standard, and how refreshing it is to find a series of authori- 
tative contributions giving facts and figures, indications of 
when to use the various techniques and, even more im- 
portant, when not to use them. The logic behind their 
recommendations is clearly set out. 

The figures in themselves are interesting. For instance, the 
incidence of disease in the thorax for both Hodgkin’s 
Disease and non-Hodgkin lymphoma is about double the 
incidence we have found in London, whereas below the 
diaphragm they are much the same. One feels that in 
Chapter 3 there should have been a section on Mediterranean 
lymphoma although this is mentioned in Chapter 6, because 
this fits so well into the grey zone which was being discussed. 
This, however, is a very small point. 

I found this a very readable book, written by experts, 
clearly set out, authoritative, well illustrated and I would 
unhesitatingly recommend it. 

]. S. MACDONALD. 
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4.3. 
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1. INTRODUCTION 
A common basis for neutron dosimetry will be one 
of the essential requirements for the comparison of 
clinical results obtained at the increasing number of 
fast-neutron radiotherapy facilities. Co-operation 
between the physicists involved in fast-neutron 


The final draft of this protocol was based upon discussions 
with a number of ECNEU members. The current member- 
ship of ECNEU is: 

J. J. Broerse, Rijswik, The Netherlands (Chairman); 

B. J. Mijnheer, Amsterdam, The Netherlands (Secretary); 


G, Burger, Neuherberg, FRG; 

E. Byrski, Krakow, Poland; 

D. Greene, Manchester, UK; 

A. Hess, Hamburg, FRG; 

K. H. Hover, Heidelberg, FRG; 

J. P. Meulders, Louvain, Belgium; 
C. J. Parnell, London, UK; 

]. Rassow, Essen, FRG; 

K. Regel, Rossendorf, GDR; 

M. Salzmann, Villigen, Switzerland; 
W. Seelentag, Zürich, Switzerland; 
R. Strang, Glasgow, UK ; 

]. R. Williams, Edinburgh, UK. 


Requests for reprints should be sent to B. J. Mijnheer, 
Antoni van Leeuwenhoek Hospital, Plesmanlaan 121, 1066 
CX Amsterdam, The Netherlands. 


radiotherapy has been established in Europe by the 
High LET Therapy Project Group under the spon- 
sorship of the European Organization for Research 
on Treatment of Cancer, EORTC. In September 
1978, the clinical group decided that the physicists 
should intensify their contacts and organize a formal 
co-operation, For this purpose a European Clinical 
Neutron Dosimetry Group, abbreviation ECNEU, 
was established. In the United States all groups in- 
volved in or planning fast neutron therapy have 
directly or indirectly participated in the Fast 
Neutron Beam Dosimetry Physics Task Group 18 of 
the Radiation Therapy Committee of the American 
Association of Physicists in Medicine (AAPM). 

Protocols for neutron dosimetry for radiotherapy 
have been drafted for the European (Broerse and 
Mijnheer, 1976) and the American groups (Eenmaa 
and Wootton, 1973). The main items of the two 
drafts were recently summarized by Broerse et al. 
(1979). Both groups, ECNEU and Task Group 18, 
have introduced a number of improvements which 
resulted in the final draft of the American protocol 
(AAPM, 1980) and the present contribution. 

Both protocols quote ICRU Report 26 (1977) as 
the main source of information on methodology and 
basic physical data for neutron dosimetry. It should 
be emphasized that efforts are continuing to improve 
the data base of neutron dosimetry. For some 
physical parameters the present protocol will there- 
fore give recommended values which differ from the 
ones quoted in ICRU Report 26 and may be subject 
to changes in the future. They can, however, be used 
as a common basis for clinical neutron dosimetry, if 
accepted by all fast-neutron therapy centres. Two 
international neutron dosimetry intercomparisons, 
INDI (ICRU, 1978a) and ENDIP (Broerse et al., 
1978), have been performed. Both yielded the same 
conclusions, namely that to reduce systematic dos- 
imetry differences it will be necessary to standardize 
on the basic physical parameters and on the experi- 
mental instruments and techniques employed. 

The present European protocol has been de- 
veloped in parallel with the US protocol. The 
differences in dosimetry procedures between the 
European and American groups will be indicated if 
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relevant. The present document is intended to serve 
the immediate needs of participating European 
centres and should contribute to improved accuracy 
and reproducibility of fast neutron dosimetry. 


2. PRINCIPLES OF DOSIMETRY IN NEUTRON 
FIELDS 

Neutron fields are always accompanied by y rays 
originating from the neutron-producing target, from 
the primary shielding and field-limiting system, and 
from the biological object or phantom being ir- 
radiated. Because of the differences in relative 
biological effectiveness of these two radiation com- 
ponents (which may depend on the specific bio- 
logical end-point) it is necessary to determine 
separately the neutron absorbed dose in tissue, Dx, 
as well as the y-ray absorbed dose in tissue, Dg. To 
compare the biological and clinical effects of neutron 
beams of different energies, it will be important 
to obtain information about the radiation quality 
which can be related to neutron energy spectra or 
microdosimetric spectra (see, e.g., ICRU 1977; 
Booz, 1979; Broerse and Mijnheer, 1981). This 
aspect will not be treated in this protocol. 

An evaluation of the separate absorbed dose com- 
ponents can be made with a single instrument such 
as a proportional counter. This method requires the 
unfolding of the energy deposition events caused by 
protons and heavy ions from those caused by 
electrons (Caswell, 1960; Weaver et aL, 1977; 
August et al., 1978). Generally, however, two in- 
struments with different relative neutron sensi- 
tivities are used for the evaluation of the component 
radiations. One of these, e.g. a tissue-equivalent (TE) 
ion chamber or a TE calorimeter, will have approxi- 
mately the same sensitivity to neutrons and photons, 
whereas the second instrument is chosen for its 
reduced neutron sensitivity relative to that for 
photons. 

The absorbed dose components in the mixed field 
can be computed by the use of the following simul- 
taneous equations: 


Ry =kyDy hyDa (2-1) 
Ry’ =kyDy+huDe . (2-2) 


In these equations the subscript T refers to the 
tissue-equivalent device measuring total absorbed 
dose and the subscript U refers to the neutron in- 
sensitive device. Ry’ and Ry’ are the quotients of the 
readings of the two dosemeters in the same mixed 
beam relative to their sensitivities to the y rays used 
for the photon calibration. Similarly, Ar and ky are 
the sensitivities of each dosemeter to neutrons 
relative to its sensitivity to the y rays used for cali- 


bration, and Ay and hy are the sensitivities of each 
dosemeter to the photons in the mixed field relative 
to its sensitivity to the y rays used for calibration. A 
more detailed definition of kr and hy is given in 
Section 3.1. The values of Ay and hy are close to 
unity and the simplifying assumption /rp--Zu —1 is 
usually made. The numerical values of ky and ky for 
specific devices will be discussed in Section 4. 


3. DOSIMETRIC METHODS 

The use of calibrated A-150 plastic TE ionization 
chambers with TE gas filling is recommended as the 
practical method of obtaining the tissue kerma in air 
and the absorbed dose in a TE phantom. This re- 
commendation is based on the fact that TE chambers 
have been used as the principal dose measuring in- 
strument by the neutron therapy groups in Europe, 
USA and Japan which are currently regularly 
treating patients. The American groups all use a 
common set of TE ionization chambers. Typically, 
they employ a 1.0 cm? spherical chamber as the 
principal instrument for measurements of neutron 
tissue kerma in air and absorbed dose in a phantom, 
and a 0.1 cm? cylindrical chamber for spatial dose 
distribution measurements in a TE liquid phantom. 
In Europe, the institutes developed and constructed 
their own dosemeters; these, unavoidably, show 
mutually different characteristics. It has been de- 
cided that all European groups should also use a 
common type of ionization chamber to check their 
other dosemeters. For specific information on tech- 
nical characteristics the reader is referred to the 
Monograph on Ion Chambers for Neutron Dosim- 
etry (Broerse, 1980). 

'The 'TE ionization chambers should have applied 
to them a calibration factor for 99Co, 187Cs or 2 MV 
X rays. This calibration should be directly traceable 
to a national standards laboratory. The ionization 
chamber method can be compared with other 
measurement systems, and in particular those that 
do not require calibration in a known radiation field 
are useful. A dosemeter which can be used for this 
purpose is the TE calorimeter (McDonald et al., 
1976; ICRU, 1977). An alternative method for the 
determination of neutron kerma is to measure fluence 
and apply a fluence to kerma conversion factor. 
Activation detectors and fission counters (Porter et 
al., 1975) can be used for this purpose. 


3.1. Ionization chambers 

The absorbed dose, Dg, in the gas cavity of an 

ionization chamber is given by: 
| W 1 


^ e m 


GAs) 
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where Q is the total charge produced within the 
cavity, W is the average energy required to produce 
an ion pair in the gas, e is the charge of the electron 
and m is the mass of gas within the cavity. 
In the SI-system Dg is expressed in Gy, O in C, 

W in J, ein C and m in kg. Absorbed dose in the w all 
material adjacent to the cavity of the chamber, Dm*, 
can be calculated from the energy absorbed by the 
gas using the gas-to-wall absorbed-dose conversion 
factor, rm,g, similar to r introduced by Bichsel and 
Rubach (1978). 


(3.1-2) 


If the charged particles produced within the wall of 
the chamber lose a negligible part of their energy in 
crossing the cavity, then the conditions for the 
Bragg-Gray theory are satisfied and r is identical to 
Sm,g, the ratio of the mass stopping powers in the 
wall to the gas of the particles produced in the wall 
of the chamber. For photon radiation this charged 
particle fluence will consist of electrons, while for 
neutrons it will, in general, consist of electrons, 
protons, helium nuclei, and heavy recoils such as 
carbon, oxvgen and nitrogen nuclei (Caswell and 
Coyne, 1972). For a cavity whose size is not negli- 
glible in relation to the range of the secondary 
charged particles generated in the wall, it is neces- 
sary to make more detailed calculations for the 
values of r as a function of cavity size and neutron 
energy. 

If the chamber wall is replaced by reference tissue, 
the absorbed dose in the tissue adjacent to the cavity 
of the chamber, D,*, is calculated from Dm* using 
the ratio of mass energy absorption coefficients, 
(en/p)t/(Hen/p}m, in the tissue and wall material, as- 
suming that there is charged particle equilibrium: 





i 
p,s = Henle) Din* (3.1-3) 
(Hen/p)m 
Combining these equations one obtains: 
| QW (ea) 
Dis ae eL = add) 
me ' (Hen/p)m | 


For measurements with an ionization chamber the 
reading obtained from the chamber, R, has to be 
related to the charge produced within the cavity at a 
reference temperature and pressure by the product 
of several correction factors, /Thg : 


O=RITkp . (3.1-5) 


The factors contained in kp include the electro- 
meter calibration factor and correction factors for 
ion recombination, temperature and pressure, gas 


flow rate and leakage current, and will be discussed 
in more detail in Sections 5.1 and 5.2, 

To apply equation (3.1-4) the mass of gas in the 
cavity has to be known. This can be obtained from 
the calibration factor of the tissue-equivalent cham- 
ber with photons, ae, which is defined as: 





(3.1-6) 


where subscript c refers to the photon calibration 
beam. If this is substituted into equation (3,1-4) we 
obtain: 


We | ue. |. (3.1-7) 


m= — — RI E 
e (6 x ic (Hen/p)m_ 


ET 

In this equation the gas-to-wall absorbed dose con- 
version factor, 7m,g, has been replaced by (sm,e)c 
since the chambers used for clinical neutron dosi- 
metry are usually small enough to satisfy the con- 
ditions for the Bragg-Gray theory at the photon 
calibration energies normally used. The measure- 
ment of the calibration factor, ae, will be discussed in 
Section 5.1, 

It is now possible to use equation (3.1-4) to cal- 
culate the absorbed dose in tissue in a neutron beam. 
However, neutron beams used for radiotherapy in- 
clude a photon component which contributes to the 
total absorbed dose, and equation (3.1-4) has to be 
modified to express the total charge collected, Oy, in 
terms of the separate neutron and photon com- 
ponents of absorbed dose (Dx and Dg). In addition 
it must be remembered that equation (3.1-4) gives 
the absorbed dose in the wall material adjacent to the 
cavity of the ionization chamber, whereas for clinical 
dosimetry measurements in a phantom the required 
result is the absorbed dose at the position of the 
centre of the chamber when the chamber is replaced 
by the phantom material. Therefore a displacement 
factor (kar is introduced which corrects for the lack 
of attenuation and scattering in the cavity of the 
chamber. (kqa)r is the ratio of Dg for an infinitesi- 
mally small cavity to that which is measured. 
Equations (3.1-4), (3.1-5) and (3.1-7) can then be 
used to relate the measured charge to the two 
separate absorbed-dose components: 


Ry (Hn) (Ra)rac — 


EM We e (5m.g)e ede [(Hen/p)t/(Hen/p mle 
"o Ws(rmg)s  (Ki/Km)s 
We (Sm, (5m.g)e [(Hen/p)t/ (iten/p)mle 


“We G (Sm,2)G e)a [(Hen/p)t/(en/p)mlc 


and subscripts N and G refer to the neutron and 
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photon components respectively. It has been as- 
sumed that the displacement factor for the separate 
absorbed dose components cannot readily be 
evaluated. It is therefore more appropriate to apply 
it to the total ionization. 

It should be noted that in the equation for kr the 
ratio of the mass energy absorption coefficients for 
neutrons has been replaced by the ratio of kerma in 
tissue and in wall material (Ki/Km)n. The physical 
parameters to go into kp will be discussed in more 
detail in Section 4. 

The product Ry(IIkn)rae is identical to Ry’ as 
defined in equation (2.7--1) in ICRU Report 26. The 
neutron and photon doses in the ICRU equation are 
at the effective centre of the chamber, whereas equa- 
tion (3.1-8) gives Dy and Dg at the position of the 
geometrical centre of the chamber when it is re- 
placed by phantom material. 

The reading of a TE ionization chamber in a 
neutron beam is sometimes interpreted as being pro- 
portional to the total absorbed dose, Dx-- Da. The 
validity of this approximation can be assessed by 
rewriting equation (3.1—8) as: 


Ry (Hhg)v(Ra)yrac-— Av(Dx + Da(14- 8) 
O4 5 8 GAD) 

Da hy kr 

Dy+Dq kr ` 


It is usual to assume that Ar is unity and generally 
ky lies in the range 0.95-1.00. For radiotherapy 
beams Dg is generally less than 20% of the total ab- 
sorbed dose within the main beam, so that 6 is 
usually less than 0.01. Therefore, if equation (3.1-9) 
is used with a zero value for à, the error introduced 
into the calculation of Dx-i- Dg is usually less than 
195. The approximation that the parameters appro- 
priate to neutrons only can be applied for the mixed 
beam has been adopted by the neutron therapy 
groups in the US. 


where ò= 


3.2. Materials 

A common electrically conductive plastic used in 
the construction of TE ionization chambers has been 
a particular muscle-equivalent formulation desig- 
nated A-150.* 

A-150 plastic is generally supplied as small chips 
or granules suitable for use in moulding, or in 
various sizes of stock and custom-moulded shapes 
for more direct use. It consists of a homogeneous 
mixture of polyethylene, nylon (Du Pont Zytel 69), 
carbon and calcium fluoride (Smathers et al., 1977). 


*Supplied by Physical Sciences Laboratory, Illinois Bene- 
dictine College, Lisle, Ilinois 60532, USA. 


TABLE 3-1. 
ELEMENTAL COMPOSITION BY WEIGHT OF A-150 MUSCLE- 
EQUIVALENT PLASTIC, MUSCLE-EQUIVALENT GAS AND ICRU 
MUSCLE TISSUE 


| Element | ICRU muscle* | A-150 plastict | 'T'E-gas] 





H 1.2 fF 2+ 
C 12.3 
O 72.9 

N 3.5 -t 

a 0.007 | 18+ 

F not listed | 4.74 
Others 1.1 


*ICRU (1964). 

TSmathers et al. (1977). 

IRossi and Failla (1956), 95 partial pressure: 64.4% CHa, 
32.494 COs, 3.2% Na. 


Based on extensive experimental and computational 
analysis of the end product, Smathers et al. have 
arrived at the elemental weight composition for 
A-150 plastic given in Table 3-1 (see also Goodman 
1978). Ideally, each new batch of mixture which is 
intended for fabrication of instrument components 
for which the elemental composition is critical 
should be analyzed thoroughly either at its source or 
by the user. In particular, the user should be aware 
that the accuracy of the measured neutron dose is 
very strongly dependent on the exact hydrogen con- 
tent of the material. 

A-150 TE plastic is not identical in elemental 
composition to ICRU muscle tissue due to the large 
admixture of carbon required for electrical con- 
ductivity (Table 3-1). Deviations from muscle 
equivalence will thus necessarily be reflected in a 
kerma-factor ratio for the two media which is dif- 
ferent from unity. 

The density of moulded A-150 plastic is 1.127 
+0.005 g/cm? and does not appear to depend on the 
moulding technique (Goodman, 1978). 

Tissue-equivalent gas is recommended for use 
in homogeneous TE ionization chambers for measur- 
ing the total absorbed dose. T'he recommended form- 
ulation and composition of the T'E gas are also given 
in Table 3-1. The composition of the gas should be 
verified by analysis since impurities in the gas may 
have a significant effect on the chamber response. 


4. PHYSICAL PARAMETERS 

Variation in the results obtained in neutron dos- 
imetry intercomparisons can, in part, be traced to 
differences in the basic physical parameters which 
have been used to convert specific dosemeter read- 
ing to tissue kerma in free air or to absorbed dose in 
a phantom (Almond and Smathers, 1977; ICRU, 
19782; Broerse et al., 1978). These parameters are: 
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(1) the average energy required to create an ion pair 
in the gas, Wy; 
(2) the gas-to-wall absorbed-dose conversion factor, 

Ym,g; 

(3) the neutron kerma ratio, (Ki/ Km)x ; 

(4) the displacement factor, (ka)r; 

(5) the relative neutron sensitivity of dosemeters 
used for photon-fraction determinations, ky. 

In order to achieve consistency in neutron dosim- 
etry, it will be necessary to use a set of these basic 
parameters which is appropriate for a given neutron 
spectrum and which is obtained from a common 
source. 

Neutron spectral measurements are the necessary 
source input for computation of these basic physical 
parameters, These measurements have been accom- 
plished by many methods, e.g. proton recoil counters, 
time-of-flight and foil activation. The techniques are 
those developed over a period of years for use in 
reactor and neutron physics research. For neutrons 
above 20 MeV, deficiencies in the cross-section in- 
formation tend to increase the uncertainty in the data 
with increasing energy. 

Some types of detectors, e.g. Geiger-Müller coun- 
ters, have a sensitivity which varies with photon 
energy. In order to determine the relative photon 
sensitivity Ar or hy of these dosemeters, an approxi- 
mate knowledge of the photon spectrum in the 
neutron field is necessary. When no information is 
available, hy and Ay are taken equal to unity. This 
may introduce an uncertainty of several per cent in 
the determination of the photon absorbed dose in a 
neutron beam. 





nutran anergy © MeV | 


Fic. 4-1. 


Wy values calculated for methane-based tissue equivalent 
gas by Goodman and Coyne (1980). The triangular points 
shown on the graph are values of Wy evaluated at point 
energies of prominent resonances, rather than the values 
averaged over energy bins shown by the solid lines. 


4.1. Energy required to create anion pair, Wx 

The parameter which is used to convert the charge 
produced within the chamber to energy deposited in 
the gas is W, the mean energy required to form an 
ion pair in the chamber gas or gas mixture. The mag- 
nitude of this parameter depends on the type and 
spectra of the secondary charged particles, and on 
the chemical composition of the gas. 

In the European as well as in the US institutions 
engaged in neutron therapy, values of We/Wy of 
0.95 to 0.96 have been used for TE gas. ICRU 
(1977) recommended a value of 0.95, with an esti- 
mated uncertainty of about 5% for neutron energies 
higher than 1 MeV. Goodman and Coyne (1980) 
presented detailed calculations of Wy as a function 
of neutron energy, using more recent data on W 
values for charged particles in TE gas. The results 
of their calculations are shown in Fig. 4-1. It is 
recommended that the ratio of Wy/W, be taken 
from this figure using the differential neutron fluence 
spectra multiplied by the tissue kerma factor. If no 
spectra are available a value of 1.06 can be taken for 
most radiotherapy beams. An uncertainty of +-4°% in 
this ratio has been estimated by Goodman and 
Coyne (1980). 


4.2. Gas-to-wall absorbed dose conversion factor, 
(7m,2)N 

The gas-to-wall dose conversion factors for neu- 
trons have been compromised in their accuracy due 
to several basic problems: (a) adequate measure- 
ments of stopping power have not been made for the 
charged particles generated by fast neutrons in 
A-150 plastic or in TE gas; (b) the equilibrium 
charged-particle spectrum created by the neutrons is 
not well-known; (c) the range of the low-energy 
heavy recoils is limited. The latter results in par- 
ticles existing in the various categories of "starters", 
“stoppers”, “insiders” and “crossers” relative to the 
the chamber cavity (Caswell, 1966) and the dose 
conversion factor is therefore a function of cavity size 
and neutron energy. 

Values presently used by the European and US 
neutron therapy groups can be found in Smith et al. 
(1975) and Broerse et al., (1978). Bichsel and Rubach 
(1978) have calculated dose conversion factors for a 
TE plastic- TE gas ionization chamber which ap- 
proximates a Bragg-Gray cavity and for chambers of 
finite volume, taking into account the ionization due 
to primary charged particles (protons, helium nuclei, 
and C, N and O nuclei) originating in the gas (i.e. 
starters and insiders), relative to the total ionization; 
they also accounted for the possible differences in the 
stopping powers for solids and gases. Their results for 
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Ratio of kerma in ICRU muscle tissue to kerma in A-150 
plastic based on the 1977 and 1980 kerma factors from 
Caswell et al, 


a 2 cm? TE plastic- TE gas chamber vary between 
0.987 and 0.993 for neutron energies between 5 and 
14 MeV respectively. This indicates a value of 
(rm, g)N 0.99 for the neutron beams in current use. 
This new value would be about 1% lower than that 
used previously. It should be realized, however, 
that Bichsel and Rubach (1978) recommend an 
uncertainty of 4 to 5%. 

in combination with a value of 1.00 for (sq g)e. It 
should be noted that the product of the newly re- 
commended W values and conversion factor (rm e)x 
will not introduce large changes in the value of ky 
based on the recommendations given in ICRU 
Report 26. 


4.3. Neutron kerma ratio, (Ki Ky) 

The relevant quantity for medical and biological 
applications of fast neutrons is the absorbed dose in 
tissue of specific composition, e.g. soft tissue as de- 
fined by ICRU (1964) for muscle (Table 3-1). The 
differences in the oxygen and carbon content of TE 
plastic and muscle tissue and differences in the 
oxygen and carbon neutron cross sections will result 
in a muscle/TE plastic (A-150) kerma ratio which 
deviates from unity. A ratio in the range 0.93-0.97 
has to be taken for the neutron therapy beams 
presently used for treating patients. The uncertainty 
associated with the ratio increases with neurton 
energy because of a lack of cross-section information 
in the higher energy range (ICRU, 1977). 

Jntil now kerma ratios have usually been obtained 
from the tables of kerma per unit neutron fluence cal- 
culated by Caswell, Coyne and Randolph and pub- 
lished in ICRU Report 26 (ICRU, 1977). Recently, 
these authors (Caswell et al., 1980) presented an up- 
dated version of their tables which show some 


changes from the earlier ones. These differences are 
particularly significant in oxygen between 7 and 13 
MeV and in carbon above 15 MeV. Figure 4-2 com- 
pares (A;/Kym)w calculated from these two sets of 
data. It is recommended that the more recent tables 
should be used for the calculation of kerma ratios. 
Uncertainties in the muscle/A-150 plastic kerma 
ratio increase with rising neutron energy and vary 
between 2.6% for a d(16)+ Be spectrum to 9.7%, for 
a p(66) -- Be spectrum (Bewley, 1980). 

Kerma calculations will obviously be spectrum 
dependent and attempts should be made to obtain 
information concerning the radiation spectrum at the 
reference point. Changes in neutron spectrum as the 
beam passes into a phantom or patient will probably 
not affect the kerma ratio much (Bewley, 1980). 


4.4. Displacement correction factor, (kayr 

For absorbed dose specification as a function of 
depth and/or position in a large tissue-equivalent 
phantom, the analysis of dosimetric measurements 
using ionization chambers must account for the dis- 
placement of the phantom material brought about by 
the introduction of the dosemeter. A displacement 
correction is to be applied to the measured ioniz- 
ation charge (dose) to compensate for the differences 
in attenuation and scattering of the primary radi- 
ation caused by the displacement of the phantom 
material by the ion chamber, thus obtaining the 
charge (dose) which would have been measured by a 
hypothetical ion chamber of zero volume centered at 
the same location, for which the displacement cor- 
rection factor would be unity. 

This correction can be taken into account by 
using a multiplicative correction factor as measured 
by Shapiro et al. (1976). Another approach is to 
account for the displacement by stating the effective 
measuring point as a certain fraction of the radius of 
the gas cavity of the ionization chamber in front of 
the geometrical centre. The application of a multi- 
plicative displacement correction factor is preferable 
at the reference point. The US protocol recommends 
two values for multiplicative displacement correction 
factors for their two common ionization chambers. 
In Europe where detectors of significantly different 
volume and shape are in use, the displacement cor- 
rection factor measured by Zoetelief et al. (1980) for 
d-- T neutrons should be used in equation (3.1-8) 
for the neutron-beam calibration at the reference 
point. This factor is given by (Aq) r= 1 —2.5 x 1073r,, 
where r; is the radius of the cavity in millimetres. 
The uncertainties in the displacement correction 
factor (e.g. dependence on neutron energy) indicate 
the importance of using small ionization chambers. 
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4.5. Relative neutron sensitivity, ky 

Assessment of the photon component of absorbed 
dose in a neutron beam is made using a dosemeter 
which is relatively insensitive to neutrons. When 
used in conjunction with a dosemeter with approxi- 
mately equal sensitivities to neutrons and photons, 
the separate absorbed dose components can be cal- 
culated by solving the simultaneous equations (2-1) 
and (2-2). The accuracy to which neutron absorbed 
dose can be calculated is greatest when a dosemeter 
with the smallest possible neutron sensitivity relative 
to its photon sensitivity, hp, is used (ICRU, 1977). A 
dosemeter which has a particularly low Ry value is a 
small Geiger-Miiller counter (e.g. Philips type 18529, 
Mullard type ZP1300) used with an energy compen- 
sating filter. Recent measurements of ky for this 
detector have been made by several groups and the 
data are reviewed by Mijnheer et al. (1979). GM 
tubes with their energy compensating filters have a 
high thermal-neutron sensitivity and should be 
shielded by a thermal-neutron absorber which does 
not emit prompt y radiation in the neutron capture 
process. À commonly chosen material is 9Li in the 
form of the metal or $SLiF powder. It should be noted 
that these detectors have a dead time of approxi- 
mately 20 us and at photon absorbed dose rates in 
excess of about 2 mGy min“! the dead-time correc- 
tion to be applied may be too high to permit accurate 
results. Also in high-intensity pulsed beams the dead 
time might cause difficulties. If it is not possible to 
reduce the output of the neutron source sufficiently, 
another type of dosemeter has to be used. 

The most commonly used alternative dosemeter 
and that which is preferred by many of the US neu- 
tron therapy groups is the non-hydrogenous ioniz- 
ation chamber. Several wall and gas combinations 


have been used, in particular C-COs and Mg-Ar. 
The former chamber has a higher ky value, approxi- 
mately 0.32 at 15 MeV, has different saturation 
characteristics to neutrons and photons (Maier and 
Burger, 1978), and also shows anomalous character- 
istics due to gas leakage through the graphite walls 
(Maier and Burger, 1978; Pearson et al., 1980). Its 
use is therefore not recommended. Values of ky for 
non-hydrogenous chambers have been measured by 
several authors, e.g. Ito (1973) and Waterman et al. 
(1979). The latter report shows that the variation of 
ky with neutron energy is most marked in the range 
7 to 15 MeV which covers a wide range of neutron 
source spectra currently being used for radiotherapy. 
It should be recognized that measurements of ku 
made in air cannot be applied to determine the 
photon dose component in phantom unless the walls 
of the chamber are thick enough to stop the most ener- 
getic recoll protons generated in the phantom. The 
values given in Table 4-1 for a C-COs chamber, 
an Al-Ar chamber and a GM counter are recom- 
mended for use as a guideline only. It should be 
emphasized that ky varies with cavity size so that 
any measured data are only valid for the specific 
geometry of the chamber being used (Makarewicz 
and Pszona, 1978; Mijnheer, 1980). 


5. DETERMINATION OF ABSORBED DOSE AT A 
REFERENCE POINT 

5.1. Gamma-ray calibration 

Determination of the calibration. factor with 
photons, ae, as defined in equation (3.1—6), is usually 
made with an exposure standard chamber whose cali- 
bration is directly traceable to a national standards 
laboratory. The calibration should be made in air 
with the geometrical centre of the detectors being 


RELATIVE NEUTRON SENSITIVITIES AND THEIR OVERALL UNCERTAINTIES FOR NON-HYDROGENOUS IONIZATION CHAMBERS* AND 
GM COUNTER 













—— 


Neutron energy Per cent energy 


(MeV) spread Computed | 
0.7 25 0.05 | 
| 2 0.07 
| 5 0.07 
| 15 0.31 
252Cf Fission spectrum 0.08 
|  d(16)-- Be Broad spectrum — 
| d(50) + Be Broad spectrum | —— 
| FERNER 


*ICRU (1977). 

TMijnheer et al. (1979). 

[Ito (1978) for C-COs chamber and Mg-Ar chamber. 
(Hough (1979). 


C-CO chamber 


Relative neutron sensitivity, Au 


Al-Ar chamber | GM counter 
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Observed 





Observed | 
0.014 -0.004 


wea cla a a, (ie i a Vilep 


0,08 +-0.01 | 0.012 :- 0.002 0.0051 
0.11 -0.01 0.011 = 0.003 0.0074 
0.32 +. 0.02 0.13 +0.01 0.017+ 
e Ü .02 E 0.0 5 rS 
0.1501 0.0611 0.0073 + 0.0007 ; 
0.4051 0.2191 icc 
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taken as the point of measurement. A build-up cap 
of the same material as the wall should be added if 
the wall thickness of the TE chamber wall is not 
sufficient to achieve charged-particle equilibrium. 
The chamber should be orientated so that its stem is 
perpendicular to the beam. 

Absorbed dose in TE plastic adjacent to the cavity 
of the TE chamber can be calculated (Mijnheer and 
Williams, 1981) from the measured exposure, Xe: 


! Wie (ueni pre 
(Dre*je= Xe Wair)e enen 
e E (Hen ] PJair 


The correction factor (/7RA)e, which will be dis- 
cussed in more detail later, accounts for the attenu- 
ation and scattering by the wall, central electrode and 
build-up cap of the chamber and also for the radi- 
ation scattered by the stem of the chamber into the 
sensitive part of the chamber. In addition corrections 
should be made if there is any radial or axial non- 
uniformity in the field, that is in the plane perpen- 
dicular to the central axis of the beam or along the 
central axis. 

Absorbed dose in tissue is calculated from ab- 
sorbed dose in TE plastic bv 


A(pen/p) rE. 
yielding 
(Di)e — Xe(füe UIRA)e . (5.1-2) 
(Wairde : (jten/p)t | 
vhe M doa mee] a ai 
Where (fic e (Hen/p)air : 





The calibration factor with photons can now be 
rewritten as: 


Xe(fi)e(URa)e 
Rika) 


It should be noted that the product X«(fi)e(ITRA)e 
does not represent the absorbed dose in tissue in the 
absence of the chamber but it represents the ab- 
sorbed dose in tissue adjacent to the cavity of the 
chamber. Ne is the exposure calibration factor, de- 
fined as: 


= Ne(fi)e HIhA)o (5.1-3) 


o mm 


Ne 

i Re(IHTkg)e 

It is recommended that a value for (fi). (ICRU 
muscle) of 9.63 x 10-3 Gy/R is adopted in calculating 
the absorbed dose from exposure in 989Co photon 


Ne 


J/€ (CRU, 1979) and [(en/p)i/(Hen/o)airle= 1.103 
(Hubbell, 1977). It is assumed that Ne is supplied in 
R divided by the meter reading in C or divisions. If 


exposure is given in C kg-!, the value of (fi)e should 
be divided by 2.58 x 1074. 


The correction factors, Tkg =ke i p Rs Ri hp Rp kn, 
which convert the reading, R, taken from the cham- 
ber, to the charge, QO, produced within an ideal cavity 
at a reference temperature and pressure, will now be 
discussed in detail. 

ke: Electrometer calibration factor. This factor re- 
lates the reading of the electrometer to the actual 
charge measured. It is not necessary to measure the 
absolute values of this parameter since this factor is 
introduced both for the calibration and for the 
measurements made in the neutron beam and will 
therefore cancel. However, if different electrometers 
are used a relative calibration factor will be required 
and any electrometer used should have its long-term 
stability checked periodically using a constant cur- 
rent supply. 

ktp: Temperature and pressure correction. All 
chamber readings have to be converted to a reference 
temperature and pressure which are usually chosen 
to be those that are used by the standardizing labora- 
tory at which the exposure chamber is calibrated. 


where Tr, Tm are respectively the reference and 
measurement absolute temperatures and py, Pm are 
the reference and measurement pressures. It should 
be noted that adequate time should be allowed for 
the chamber to reach the same temperature as its 
surroundings before a measurement is made. Also 
when gas flow is being used the temperature of the 
gas may be different from the temperature of the 
chamber. It 1s, therefore, advisable to ensure that the 
chamber, the phantom and the gas supply are all at 
room temperature before starting to take measure- 
ments, 

ks: Correction for lack of saturation. Saturation 
characteristics of the chamber should be determined 
by measuring charge as a function of applied voltage 
at the absorbed dose rate used for calibration. 

In a continuous photon beam plotting 1/Q against 
1/1? should generally provide a linear fit to the data 
which can be extrapolated to infinite voltage. From 
this line the correction factor for the voltage which is 
routinely used can be interpolated. However, effects 
other than recombination may alter the voltage de- 
pendence of the collected charge. In particular there 
may be changes in collecting volume due to an in- 
adequately designed guard ring which may make it 
necessary to use other powers of 1/V to produce a 
line which can be accurately extrapolated to infinite 
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voltage. For neutrons, where the predominant effect 
is initial recombination, a plot of 1/O against 1/V 
will be more appropriate. 

ki: Correction for leakage current. Leakage cur- 
rents should not be a significant part of the ioniz- 
ation current and this should be investigated when 
the voltage is applied to the chamber and the radi- 
ation beam is off. 

ky: Correction for polarity. A change in polarity 
can cause a change in the measured charge, which 
should be small. If the polarity effect is caused by 
extra-cameral currents it is possible to take the mean 
of the charges measured at each polarity and use 
such a measurement to derive the polarity correction 
factor for measurements made at one polarity. How- 
ever, if the same polarity effect is observed both in 
the neutron and photon beams any correction will 
tend to cancel. 

ke: Correction for gas flow-rate. Variations of 
ionization current with flow-rate should be assessed. 
These may be caused by diffusion of air into the 
chamber, which is most significant at low flow-rates, 
or by pressure build-up in the chamber at high 
flow-rates. It should be possible to operate the 
chamber in a gas flow-rate region where neither 
effect occurs although if this is not possible a correc- 
tion factor should be determined. A check of 
adequacy of TE gas flow through the chamber can 
be made by comparing the reading with TE gas to 
that with dry air, which should be a ratio of 1.16 for 
the photons used for calibration, 

ky: Correction for humidity. 1f the standardizing 
laboratory provides a calibration factor for the ex- 
posure standard chamber for dry air, humidity cor- 
rections for unsealed air-filled chambers should be 
made. The curve representing 1/ky as a function of 
relative humidity as presented in ICRU Report 31 
(ICRU, 1979), is recommended to obtain the ioniz- 
ation appropriate to dry air. For a chamber flushed 
with the TE gas, kn is equal to 1. 


Hk is the product of several correction factors 
used to account for the finite size of the TE cham- 
ber, its build-up cap and stem, when measurements 
are made in air. These are not included in Hkg be- 
cause they are only valid for measurements in air, 
whereas Jkpg contains all the correction factors that 
are valid during measurements in air as well as in the 
phantom. Jka is a composite factor and equal to the 
product of the factors Ry, Ra, krn and Ran. Detailed 
information on these corrections factors can be found 
in Niatel et al. (1975). 

kw: Wall and build-up cap correction factor. This 
factor corrects for the attenuation and scattering 


caused by the wall and the build-up cap of the cham- 
ber. It may be investigated experimentally by 
measuring ionization current as a function of build- 
up thickness for thicknesses greater than that re- 
quired for charged-particle equilibrium to be estab- 
lished. If these data are plotted and extrapolated to 
the mean centre of charged particle production, an 
estimate of this correction factor can be made. Monte 
Carlo calculations have recently been carried out by 
Nath and Schulz (1981) for a number of commer- 
cially available ionization chambers. 

Ra: Stem correction factor. The effect of stem 
scatter on ionization current can be assessed by 
placing a dummy stem on the end of the chamber 
which is opposite to the true stem and measuring any 
change in the ionization current produced. 

kyn: Radial non-uniformity correction factor. A 
uniform calibration field should be used otherwise 
the photon fluence over the area of the chamber in 
the plane perpendicular to the axis of the beam will 
vary. Similar considerations have to be made when 
making measurements with the exposure standard 
chamber. 

kan: Axtal non-uniformity correction factor. 
Changes in photon fluence with distance from the 
source will be small because the chamber is usually 
calibrated at a fairly long SSD (> 50 cm). At these 
distances the error in assuming the effective centre to 
be at the geometrical centre can be ignored (Kondo 
and Randolph, 1960). 

At the present time most national standards 
laboratories do not provide an absorbed dose cali- 
bration standard. Ifthis were provided for calibration 
it could be used for direct calibration of the TE 
ionization chamber and would make it unnecessary 
to use the factors ( fi)e and (ITk4)e. It should be noted, 
however, that such a standard would be calibrated to 
give absorbed dose in water in a phantom at the 
position of the centre of the chamber when the 
chamber is replaced by the phantom material. This 
can be converted to the absorbed dose in reference 
tissue, (Deje, by multiplying by [(en/p)t/(Hen/p) Hole. 
For the calibration of the TE chamber the absorbed 
dose in tissue adjacent to the cavity of the chamber 
is required. A displacement factor (kaje defined in an 
analogous way to (Aq)r, as discussed in section 3.1, 
has to be applied. Measurements of (ka)e are given in 
Johansson et al. (1978). 

The calibration factor with photons ae can now be 
written as: 


LAM (5.1-4) 





l (Hen/ p | l 
(Hen /p)w 


lec (Rade 


The overall uncertainty in the determination of 
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TABLE 5-1 
UNCERTAINTIES (IN 75) IN THE DETERMINATION OF THE 
ABSORBED DOSE CALIBRATION FACTOR FROM AN EXPOSURE 
CALIBRATION IN AIR 





Source Symbol | Uncertainty 
Reading of the chamber Re 0.2 
Reading correction factors (Hhgiy). 0.3 
Exposure Xe 1.0 
Exposure to absorbed dose 
factor (fre 0.5 
Correction factors for 
| detector geometry (HR aye 0.3 


Overall*: 1.2 | 





*The overall uncertainty has been calculated by taking the 
square root of the sum of the squares of the separate 
uncertainties which are estimates of one standard error. 


the absorbed dose calibration factor obtained from 
an exposure calibration in air is given in Table 5-1. 


5.2. Neutron absorbed dose measurement 

The physical parameters applied in determining 
Dx and Dg by means of equations (2-2) and (3.1-8) 
are a function of the neutron and photon spectrum 
and may vary with the position of the detector in the 
phantom. It is therefore recommended that all 
absorbed-dose determinations in the neutron beam 
are normalized to a measurement at the reference 
point where these parameters should be estimated. 
Analogous to photon beams in the energy range 1 to 
10 MeV this point should be located at a depth of 5 
cm from the front of the phantom surface along the 
central axis of the beam. A measurement should be 
made for each irradiation condition, e.g. field size 
and wedge filter (see Section 6.4). 

The following procedure should be followed. 

(a) Phantoms. For purposes of absorbed-dose 
standardization it is necessary to choose a well- 
defined and readily available material whose neutron 
attenuation properties are similar to those of muscle 
tissue over the broad range of neutron energies used 
in therapy. 

It is recommended that water be used as the 
standard material for this purpose. It has the ad- 
vantage over the fat-free muscle-equivalent liquid of 
Frigerio et al. (1972), which is used by the American 
groups, that water is also the medium on which a 
considerable body of information on the spatial 
distributions of absorbed dose in photon and electron 
therapy is based. 

The phantom container should be made of a 
plastic material such as Perspex (Lucite) or poly- 
styrene and the wall should be made thick enough 
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(about 6 mm) to prevent flexing of the surface. À 
thinner window (about 3 mm) should be provided at 
the entrance surface so that 10n chamber measure- 
ments at shallow depths are not significantly per- 
turbed by the presence of the wall. The container 
should be deep enough to provide maximum back- 
scatter and large enough in cross-sectional area to 
provide about a 5 cm margin around the largest field 
size for measurements of beam isodose contours. 
Generally, a 30 30 30 cm? container will be large 
enough to eliminate phantom-size effects. 

(b) Position of measurement. The geometrical 
centre of the detector shall be positioned at the refer- 
ence point in the water phantom, placed at the 
nominal SSD. 

(c) Wall thickness. 'The equilibrium wall thickness 
of an ion chamber for neutrons will generally not be 
the same as that for calibration photons. The depth 
of maximum dose varies from about 2 mm for 
d(16)--Be to about 8 mm of A-150 plastic for 
d(50)--Be neutron beams. Preferably a total wall 
thickness of A-150 plastic equal to this depth should 
be used. In practice it might be convenient to use 
the same A-150 build-up cap that would be used for 
the photon calibration. It is expected that for such 
a geometry the difference between A-150 plastic and 
water will not significantly influence the reading of 
the 10n chamber. 

(d) Correction factors kg. The correction factors 
for temperature and pressure, leakage current, loss 
of ionization due to recombination, polarity effects, 
radiation sensitivity of the chamber stem and TE gas 
flow rate will generally be different for the neutron 
beams and for the y rays used for calibration. There- 
fore these correction factors must be determined 
experimentally for the neutron beam as well, as dis- 
cussed in Section 5.1. for the calibration photon 
beam. 

(e) Physical parameters. 'The recommendations 
given in Section 4 shall be used to calculate Dx and 
Dg at the reference point. 

The overall uncertainty in the determination of 
the total absorbed dose Dy+ Dg in a neutron field, 
determined with a TE ion chamber using equation 
(3.1-9), is given in Table 5-2. The uncertainty in the 
physical parameters will in general be a function of 
the neutron energy. Estimated values are given in 
Table 5-2 for therapeutic neutron beams with 
average neutron energies higher than a few MeV. 
The uncertainty in the neutron kerma ratio in- 
creases with neutron energy. The overall uncertainty 
has been calculated by taking the square root of 
the sum of the squares of the separate uncertainties, 
which are estimates of one standard error. 
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6. DETERMINATION OF ABSORBED DOSE AT ANY 
POINT 

In principle relative absorbed dose distributions 
for neutron beams are determined in a similar way 
as for photon beams, the procedure for which can be 
found in relevant protocols. The main difference 
compared with the procedure applied for photon 
beams is that in neutron dosimetry the separate 
neutron and photon absorbed doses have to be deter- 
mined. ‘This implies that at any point the readings of 
two detectors have to be evaluated in order to obtain 
Dx and Dg at that point. These values should be 
related to the absorbed dose values at the reference 
point. It is generally assumed that the physical 
parameters applied to calculate Dx and Dg from the 
detector readings are independent of the position of 
the detector in the beam. 


6.1. Central-axis absorbed-dose distribution 

When measuring central-axis depth-dose curves 
by means of ionization chambers a displacement cor- 
rection has to be made (see Section 4.4.). A multi- 
plicative displacement correction factor cannot be 
used at depths close to the dose maximum. It is 
therefore recommended that a radial displacement is 
used. Suggested values are 0.3 rj for d+ T neutrons 
and 0.4 r; for d(50)-- Be neutrons, where ri is the 
radius of the gas volume of the chamber. 

The increase in absorbed dose at depths less than 
the build-up depth should be assessed by means of 
thin walled ionization chambers by adding layers of 
A-150 plastic. 

A more extensive description of the determination 
of the central-axis absorbed-dose distributions has 
been given in ICRU Report 26. A survey of central- 
axis dose distributions of clinically employed neutron 


beams has recently been given by Mijnheer and 


Broerse (1979). 


6.2. Isodose distributions 

Central axis absorbed dose distributions are 
usually combined with transverse measurements at 
several depths to obtain isodose distributions. In 
principle the same methods for neutron beams as for 
photon beams may be employed, due to the great 
similarity in isodose curves. Separate isodose curves 
for neutrons as well as for photons have to be gener- 
ated in the neutron beams. It will depend on the dose 
specification procedure if and at what stage these 
separate dose components should be combined. 

ICRU Report 26 describes the influence of shield- 
ing and collimators on the separate neutron and y- 
ray absorbed-dose beam profiles. Results of this type 
of measurement for clinically employed neutron 
beams have been recently summarized (Mijnheer 
and Broerse, 1979). 


6.3. Absorbed-dose specification 

Because of their significantly different biological 
effectiveness, the separate neutron and y-ray dose 
components, Dy and Dg, should be determined as 
accurately as possible at all relevant positions, for 
different field sizes and irradiation conditions. 

There are two aspects of dose specification, name- 
ly the prescription of absorbed dose given for daily 
radiotherapy treatments and the reporting of the 
absorbed doses at the conclusion of a patient’s treat- 
ment. It is not practical to use two figures for the 
daily dose prescription so that a single parameter has 
to be used. Three alternatives are possible. Firstly, 
total absorbed dose, Dx-- Da, which is the system 


TABLE 5-2 
UNCERTAINTIES (IN "5) IN THE DETERMINATION OF THE TOTAL ABSORBED DOSE IN TISSUE IN A NEUTRON FIELD WITH THE AID OF 
A TE IONIZATION CHAMBER 





Source 


Reading of the chamber 
Reading correction factors 
Displacement correction factor 
Absorbed dose calibration factor 


Ratio of average energy required to create an ion pair for A-150/TE 


| gas chamber 
Ratio of gas-to-wall absorbed dose conversion factor 
Ratio of neutron kerma in tissue to that in the chamber wall 
Photon mass energy absorption coefficient ratio 





Symbol Uncertainty 
Ry 0.2 
GTRgyr 0.3 
(Rar 0.5 
e 1 2 
W/W 4.0 
(m Q s/m, pe 2.0 

(SU Km)N 2.6 to 9,7* 

(Le n/P) (fren /p)m 0.1 


Overall} :5.4 to 10.8* 





* According to Bewley (1980). The lower value is valid for a d(16) + Be beam, the higher for a p(66) + Be beam. E 
T The overall uncertainty has been calculated by taking the square root of the sum of the squares of the separate uncertainties 


which are estimates of one standard error. 
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adopted by all American groups because this quantity 
can be assessed with the lowest overall uncertainty 
and the distribution can be measured with a single 
instrument. Secondly, neutron absorbed dose, Dy, 
can be used. Thirdly, total effective dose, Dg= 
Dy + Dajr, has been introduced where 7 is a weight- 
ing factor indicating the effectiveness of the neutron 
component compared with the y-ray component for 
relevant effects on tumours and normal tissues. The 
European centres have followed all three procedures 
for dose prescription, with the value of 7 being 3 for 
those groups using effective dose. Since the isodose 
distributions are similar for each of these systems, no 
recommendations are being made at the present time 
on the method to be used for combining the absorbed- 
dose components for daily prescriptions. 

For the reporting of absorbed dose at the end of 
treatment it 1s necessary that both components are 
given. ICRU Report 29 (ICRU, 1978b) has made 
recommendations for the final reporting of external 
beam therapy with photons and electrons and where 
applicable these recommendations should be fol- 
lowed for external neutron beam therapy. In ICRU 
Report 29, the position has been defined at which the 
target absorbed dose should be specified. This defi- 
nition should be followed for neutron dosimetry and 
at that position both components should be given. 
There are different ways in which these numbers can 
be quoted and it is recommended to give total 
absorbed dose with the y absorbed dose in brackets. 
In some centres it is common clinical practice to 
specify the absorbed dose at a certain "total effective 
dose" isodose curve which surrounds the target area. 
According to the recommendations given in ICRU 
Report 29, this value should not be stated. It should 
be noted that the relative y-ray contribution may vary 
over such a “‘total effective dose" isodose curve. 


6.4. Description of irradiation technique 

Specification of target absorbed dose alone is not 
sufficient for reporting. Information on the irradi- 
ation technique should be given to facilitate the 
comparison of biological and clinical results obtained 
with different neutron sources. The following in- 
formation relevant to the irradiation conditions 
should be specified. 

(a) Radiation quality. The principal factors affect- 
ing the neutron spectrum incident on a phantom 
should be specified. These are: the incident charged- 
particle type and energy, target material and target 
thickness, and the thickness and material of the 
filter in the primary neutron beam. The notation 
p(66)--Be(49) —6 cm polyethylene can be used 
where 66 MeV protons are incident on a Be target in 


which they loose only 49 MeV and where the result- 
ant neutron beam is filtered by 6 cm of polyethylene. 
In the case of a thick target and no filtration this can 
be abbreviated to p(66)-+- Be. 

(b) Geometrical conditions. Information on the 
geometrical conditions of irradiation should be pro- 
vided, e.g. the number and arrangements of the 
beams, source to surface distance, patient position- 
ing, etc. 

(c) Field size. The field size, which is determined 
by the combination of various pertinent parameters, 
including neutron energy, collimator size, field 
shaping devices, distance, etc., can be significantly 
expressed only in terms of the dose distributions 
achieved in a tissue-equivalent phantom. The geo- 
metrical field size usually corresponds to the dimen- 
sions of the plane figure described by the intersection 
of the 50% 1sodose surface and the plane that passes 
through, and is normal to, the central axis at the 
location of the relative dose maximum. In insti- 
tutes where it is common practice to applv a different 
beam definition for photon or electron treatment, it 
will be more suitable to use this definition also for the 
neutron treatment although this must be clearly 
stated. Agreement between the size and position of 
the neutron beam and optical mechanical beam- 
localizing devices should be established, e.g. by 
means of radiographic film (Dutreix et al., 1978). 
Where relevant, the absorbed dose to shielded sites 
should be specified. 

(d) Beam modifying devices. Information on 
wedges, filters and shielding blocks should be given. 
The effect of such modification on field uniformity 
should be determined. 

(e) Corrections for tissue heterogeneity. It should be 
stated whether or not such corrections have been 
applied. It is recommended that these corrections 
be based on actual measurements in simulated con- 
figurations. 

(f) Time-dose patterns. At least the number of frac- 
tions, N, and the overall treatment time, T (in days), 
should be given. If NSD calculations are made for 
neutron treatments, it should be stated what ex- 
ponents for N and 7 are used. It should also be clear 
if the formula has been applied to the neutron ab- 
sorbed dose, the total absorbed dose or the "total 
effective dose". Information on the target absorbed 
dose rate is useful. 


7. CHECK OF ABSORBED DOSE GIVEN TO A PATIENT 

The absorbed dose given to each patient shall be 
under proper control. The methods described for 
beams of X or y rays (ICRU, 1976) are in general 
also valid for neutron beams. For this purpose dual 
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absorbed-dose monitoring systems and measure- 
ments of the absorbed dose on patients are recom- 


mended (NACP, 1980). 


7.1. Absorbed-dose monitoring system 

The neutron beam should be continuously 
monitored by two independent systems, both deriv- 
ing their signals from the beam itself. An additional 
check could be the accelerated charged-particle beam 
current on target. The integrated current in a trans- 
mission monitor chamber should determine the ac- 
cumulated absorbed dose if technically possible. The 
design of the integrator circuit is important for ac- 
curacy of control. A well-designed circuit will make 
possible the display of both dose rate and also the 
integrated total dose delivered. Saturation of the col- 
lection current should be specifically checked. If the 
chamber is not sealed, a convenient procedure for 
correction for temperature, pressure and humidity 
should be established. It is essential that linearity 
and dose-rate independence be established as well as 
the relationship between monitor response and ab- 
sorbed dose and beam output with field size. A 
calibration check of all monitoring detectors should 
be made regularly. If more than one monitor system 
is used the ratio of the monitors will give an indication 
of unsatisfactory performance. 

'The absorbed dose at the reference point in the 
primary phantom should be related to the monitor 
reading. For check measurements, however, it may 
be more convenient to use a simple test geometry, 
with the purpose of measuring the constancy of the 
monitor. For d+-T neutron generators and low- 
energy cyclotrons a measurement in air will be easy, 
whereas for higher neutron energies a measurement 
with an ionization chamber at a fixed depth in a solid 
phantom of convenient size and material under speci- 
fied conditions can be useful. Tissue-equivalent 
plastic and acrylic plastic phantoms can be used to 
supplement the primary phantom for source output 
consistency checks, and for intercomparison of ion 
chamber or other dosimetry systems. It is specific- 
ally recommended that TE plastic be used as the dose 
build-up material in those situations where the use 
of water is not feasible. 


7.2. In-vivo dosimetry 

An ultimate check of the actual treatment given 
can only be made by using in-vivo dosimetry. En- 
trance dose, exit dose and intracavitary or organ dose 
measurements are described in ICRU Report 24 
(1976), for irradiation of patients with beams of X or 
y rays. The detectors described, small condenser 
ionization chambers, TLD and small semiconduc- 


tor detectors are in principle also useful in neutron 
beams if suitable detector materials are chosen. In 
addition the use of activation of small metal pellets 
has been reported for in-vivo dosimetry during fast 
neutron radiotherapy. The criteria when in-vivo dosi- 
metry should be applied are the same for neutron ther- 
apy as for irradiations with photon beams. Because 
there is less experience with neutron therapy ma- 
chines than with photon beams, it is useful, especially 
during the first period of clinical use of anew neutron 
therapy unit, to use patient dosimetry systems 
routinely. In these situations it is recommended that 
in-vivo dosimetry measurements are made at one of 
the first treatment occasions and always when the 
characteristics of the beam have been changed. 


8. DosiMETRY INTERCOMPARISONS BETWEEN 
INSTITUTIONS 

Institutions engaged in neutron beam therapy 
should periodically carry out neutron dosimetry 
intercomparisons. The purpose of these intercom- 
parisons is to verify the institutions' conformity to 
quantitative dosimetry standards and to serve as a 
review of the procedures and techniques employed 
for neutron dosimetry. 

The intercomparison measurements should in- 
clude neutron and photon absorbed dose determin- 
ation. The use of a calibrated tissue-equivalent 
ionization chamber in combination with a dosimeter 
which is relatively insensitive to neutrons (ku 
preferably lower than 0.15) is recommended for this 
purpose. Specific parameters that should be inter- 
compared are: 

(a) calibration of the dosemeters in a y-ray field 
whose calibration is traceable to a national stan- 
dards laboratory; 

(b) determination of the dosemeter readings in the 
neutron beam relative to their sensitivities to the 
y rays used for the photon calibration; these 
measurements shall be in air and at a few depths 
in the primary water phantom. 

All measurements should be normalized to a care- 
fully maintained and checked monitoring system. 

The relative readings of the dosemeters in the 
neutron beam will be used to calculate the tissue 
kerma in free air and absorbed dose in the phantom 
for neutrons and photons using a common set of 
physical parameters. 

Standardized measurement and correction pro- 
cedures, as outlined in the preceding sections of this 
protocol, should be used. It is important to ascertain 
if significant systematic differences exist in the re- 
sults, 

Documentation of the intercomparison measure- 
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ments should include a brief description of the y- 
ray field and the neutron source, measurement 
techniques, the dosemeter readings and the physical 
parameters appropriate to the radiation field which 
are used to convert dosemeter readings to absorbed 
dose calibration factor, to kerma free-in-air or to 
absorbed dose in a phantom. 
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APPENDIX I 
LAST OF SYMBOLS 


Qe calibration factor with photons for a tissue-equiva- 
lent ionization chamber 
à fractional error introduced when a tissue-equivalent 


ionization chamber alone 1s used to measure the total 
absorbed dose 


Din absorbed dose in the wall material adjacent to the 
cavity of the chamber 

Di absorbed dose in tissue 

€ charge of the electron 

f factor required to convert exposure to absorbed dose 
in tissue 

hr, hu sensitivity of a dosemeter to photons in a mixed field 
relative to its sensitivity to the y rays used for cali- 
bration. 

K kerma 

Ika the product of several correction factors to account 


for the finite size of the chamber, its build-up cap 
and stem when making measurements in air, 
including: 
kw wall and build-up cap correction factor 
ka stem correction factor 
krn radial non-uniformity correction factor 
Ran axial non-uniformity correction factor 
Ra Displacement correction factor 
Hkg ‘The product of several correction factors to correct 
the reading of an ionization chamber, R, to the 
charge produced in the cavity, Q, including: 
ke electrometer calibration factor 
kip» temperature and pressure correction 
ka correction for lack of saturation 
ky correction for leakage current 
kp correction for polarity 
ke correction for gas How rate 
ky correction for humidity 
sensitivity of a dosemeter to neutrons relative to its 
sensitivity to the y rays used for calibration 
m mass of the gas in the cavity 


jten/p mass energy absorbtion coefficient 

Ne exposure calibration factor 

Q total charge produced within the cavity of an 
ionization chamber 

R reading of a dosemeter 

R' quotient of the reading of a dosemeter by its sensi- 
tivity to the y rays used for calibration 

ri radius of the gas cavity of an ionization chamber 

m,g gas-to-wall absorbed dose conversion factor for 

i0nization chambers 

$m,g mass stopping powers of the wall relative to the gas 
of the particles produced in the wall of an ionization 
chamber 

T weighing factor indicating the relative effectiveness 
of the neutron component 

W average energy required to produce an ion pair 

X exposure 


APPENDIX II 
Cope or PRACTICE FoR CLINICAL NEUTRON DOSIMETRY 


C.1 Instrumentation 

A tissue-equivalent ionization chamber constructed of 
A-150 plastic and filled with TE gas (64.4% CHa, 32.4% 
COs and 3.2%, Ne by partial pressure) should be used. A 
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common instrument for the ECNEU groups is the Exradin 
'T-2 chamber. 'This instrument can be considered to measure 
the total absorbed dose in the neutron beam. 

For the photon component of the neutron beam a Geiger- 
Müller counter is recommended due to its low Ay value. It 
should have an energy compensating shield as described by 
Wagner and Hurst (1961) and should be surrounded with a 
thermal-neutron absorbing shield. 5Li is suggested either in 
the form of ?Li metal or "LAF powder with a thickness of at 
least 0.3 g cm. The dead time of the tube should be deter- 
mined so that the measurements can be corrected for this. 

If it is impractical to use a GM counter, a non-hydroge- 
nous ionization chamber can be used. 'T'his should preferably 
be a Mg-Ar chamber. 


C.2 Photon calibration 

Calibration of the TE dosemeter should be made in air 
either in a 99Co, 2 MV or !??Cs beam. An exposure standard 
chamber should be used which has a calibration factor 
traceable to a national standards laboratory. The calibration 
factor with photons of the TE chamber is given by: 


nodes Xel fe Rade 
T Re(Hkgi)y. 
. (VW, airje (Hen/ p) ] 
'h eeu f £ p E MM PRA MaA A 
TEES en e (Hen/p)air e 


(Hkg)c is the product of the experimental correction factors 
to be applied to the TE chamber which are specific to that 
chamber and the measurement conditions. These factors 
include correction for temperature and pressure, lack of 
saturation, leakage current, polarity effects and gas flow. 
Numerical values for some chambers at some neutron 
energies were discussed during the workshop on lon 
Chambers for Neutron Dosimetry (Broerse, 1980). 
(HR 4)c is the product of the correction factors which account 
for the finite size of the chamber during the measurements 
in air. These include corrections for the attenuation and 
scatter within the wall and build-up cap of the chamber, 
correction for stem scatter and for field non-uniformity. The 
wall and build-up correction factors should be taken from 
Nath and Schulz (1981). 
Xe/Re is the ratio of exposure measured by the standard 
chamber to the reading of the TE ionization chamber. 

The units of ac are Gy C^; if the units of X are R an 
additional numerical factor 2.58 x 10-4 is required. 

Values of the parameters to be used for the diflerent 
calibration energies are given in Table C-1. 

'The GM counter should be calibrated in a similar manner 


TABLE C-1 ae, 
PARAMETERS REQUIRED FOR CALIBRATION OF TE IONIZATION 
CHAMBER 








Value 


a Wairo/e 
[Ccen/p)/Cren/ pair] c* 


2 MV 
Isic. 


*Data taken from Hubbell (1977). 


in air in either a 9?Co or a Cs beam, which should be 
indicated. The dose rate should be sufficiently low (smaller 
than about 2 mGv min-!) so as to give a small dead time 
correction. 


C.3 Neutron beam measurements and dose specification 

Neutron and photon absorbed-dose distributions should be 
calculated from measurements made with the 'TE chamber 
and GM counter in a phantom. A water-filled phantom with 
minimum dimensions of 30 x 30 x 30 cm? should be used. 
Absolute measurements of neutron and photon absorbed 
dose should be made for one field size at a reference depth of 
5 cm, all other doses being related to that reference measure- 
ment. Doses close to the surface may have to be found by 
extrapolation. 

Calculation of the separate absorbed dose components is 
made by solving the simultaneous equations: 


Many of the constants required for neutron dosimetry are 
dependent on the neutron energy spectrum and can only be 
calculated if that spectrum is known. In many instances 
spectra need not be measured for a specific source since 
published data may be adequate. For d4- T neutrons it is 
sometimes sufficient to assume that even in a phantom the 


TABLE C-2 
PARAMETERS REQUIRED FOR DETERMINATION OF ABSORBED DOSE IN TISSUE IN THE NEUTRON BEAM AT THE REFERENCE POINT 








| Parameter Value Reference 

kr: Weʻe 29.3 JC-! Goodman and Coyne, 1980 
Wx/e (31.1-31.3)* JC Goodman and Coyne, 1980 
($m, g)c 1 .00 
(Fm,g)N 0.99 ! m 
[(en/p)t/C/ en/p)m]c 1.001 For $076, 2 MV or 187Cg 

Hubbell (1977 

(Ki/Km)n (0.95-0.98)* Caswell et al. (1980) 

ku: | GM counter (0.005—0.025)* Mijnheer et al. (1980) 
Mg/Ar chamber (0.07-0.17) Mijnheer (1980) 

hr: 1.00 

hv: 1.00 

(Rar: 1-2.5 x 10-35t Zoetelief et al. (1980) 


(ri in mm) 















*Value of parameter is dependent on neutron spectrum, Values given indicate approximate range of values for the neutron 


sources used by the ECNEU groups. 


+For relative measurements in a phantom the geometrical centre of the chamber should be shifted by ł radius of the cavity 
away from the source to account for the displacement of the effective centre of measurement, 
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beam is monoenergetic although in-phantom spectrum data 
would give more accurate values. For neutron beams pro- 
duced by deuterons with an energy of approximately 15 
MeV on a thick beryllium target the spectrum of Parnell 
(1972) may be used provided that the neutron energies are 
scaled by the ratio of the user's deuteron energy to that used 
by Parnell (16.7 MeV). At higher energies, and for different 
incident particles and targets, spectrum data have been 
published by many authors, in particular Meulders et al. 
(1975), Heintz et al. (1977), Amols et al. (1977). However, 
measurement of the user's own spectrum both in air and at 
different positions in a phantom should be encouraged. 
Values of the parameters to be used, or references for the 


Book reviews 


The Effects on Populations of Exposure io Low Levels of Iomz- 
ing Radiation. Revised edit. Report of the committee on the 
Biological Effects of lonizing Radiations: National Research 
Council, pp. 524, 1980 (National Academy Press, Washing- 
ton DC ), $14.25. 

ISBN 0-309-03095-1 

À weighty and important document representing the final 
form of the BEIR III report, the earlier version of which 
(1979) raised much controversy. 

Based on a very extensive literature survey, a large and 
broadly-based committee has attempted to update the pre- 
vious reports and to provide reasonable estimate of risk for 
genetic and somatic effects in populations exposed to low 
levels of ionizing radiation. 

'The report begins with a general summary and an intro- 
duction which presents the historical background and out- 
lines the committee's brief. 

The first main section (II, pp. 11—36) supplies basic 
physics and radiobiology, and pays particular attention to 
the mathematical theory of dose-response curves and their 
application for making risk estimates. Section IH (pp. 37- 
70) lists and estimates the sources and rates of low-level radi- 
ation exposure to which the population of USA ts hkely to 
be exposed. 

The next section (IV, pp. 71-134) deals with the genetic 
effects of radiation and the health consequences arising 
from them. ‘Two methods are used to estimate risk, one 
providing an "equilibrium" value for continuous exposure 


over many generations, the other a more direct estimate of 


the incidence expected within a single generation following 
parental exposure. Both estimates are in good agreement. 
The largest section, constituting more than half of the 
report, is devoted to somatic effects: cancer (V, pp. 135- 
476), which the committee considers to be the most impor- 
tant somatic effect of exposure to low-level ionizing radi- 
ation. This is perhaps the most controversial section, and 
sharp divisions of opinion within the committee have led to 
the inclusion. of a number of dissenting appendices by 
individual members including the chairman! Since cancer is 
a relatively common naturally-occurring phenomenon, and 
radiation-induced cancer cannot be distinguished by par- 
ticular characteristics, excess incidence above the natural 
level relies heavily on statistical inference. Add to this the 


values of the energy dependent parameters, are given in 
Table C-2. 

For neutron therapy treatments, dose may be prescribed 
as neutron absorbed dose (Dx), total absorbed dose (Dy + 
Dg) or total effective dose (Dx). In the summary of the 
treatment and when reporting the clinical results of neutron 
therapy, the target absorbed dose as specified in ICRU 
Report 29 should be included with the two components given 
separately. It is recommended that this statement should be 
in the form of total absorbed dose with the y-ray absorbed 
dose in brackets. Also the other recommendations given in 
that report should be followed in reporting absorbed doses 
in external neutron-beam therapy. 


fact that natural incidence varies with many factors like age, 
sex, ethnic origin, locality etc; that radiosensitivity varies 
from organ to organ; that almost nothing is known about the 
mode of induction or the form of the dose response curve, 

then it is not surprising that controversy exists. The report 
weaves its -way through all the various ramifications of the 
problem, drawing on extensive data (cited in an appendix 
and usefully classified according to site of incidence) and 
deriving various risk estimates for incidence and mortality. 

‘The committee has obviously been at pains to allay criticisms 
levelled at previous reports, and has sought to explore and 
comment on every avenue. The result makes very hard 
reading, but the scope of the data and discussions produce a 
veritable mine of useful information and ideas. 

Section VI considers somatic effects other than cancer, 
and is concerned principally with pre-natal exposure and 
developmental effects produced zn utero. 

The report is more a work of reference than a text book, 
although useful summaries are placed at strategic places, and 
the more complex and erudite arguments are presented in 
notes at the ends of the sections. The paucity of human data 
on which to base good estimates is frequently highlighted, 
but the committee has made a serious and careful attempt to 
extrapolate from available animal data. Unfortunately, only 
time will tell if the estimates so obtained are a valid basis for 
radiation protection standards for the population. 

J. R. K. SAVAGE. 


Cancer. By Thomas J. Deeley, pp. 32, 
Omega Publishing Co., Cardiff), 40p. 

This small booklet of thirty-two pages explains in very 
simple terms some of the important facts about cancer. It is 
particularly suitable for persons such as medical records 
staff, receptionists, medical social workers and others such 
as voluntary hospital workers who might wish to increase 
their understanding about patients. 

It is well illustrated by simple diagrams and is easily 
understood. It is published for the Tenovus Cancer Infor- 
mation Centre and any proceeds from sales will be used to 
support work in Cardiff. 
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ABSTRACT 

The effects of fast neutrons and high-energy photons 
were analysed for tumour control and skin and bowel 
damage after treatment of bladder and rectal cancers. A 
combination of statistical models was used for this analvsis. 
A steep dose-effect curve was found for local tumour control 
as well as for the risk of complications. Some estimates were 
made of RBE values for control of bladder tumour and for 
normal-tissue damage. The implication of these data for 
neutron therapy is discussed. 


Fast neutron therapy has been used in Amsterdam 
since November 1975 as a routine treatment 
modality for advanced tumours in different regions 
of the body. Preliminary results of some pilot 
studies have been presented elsewhere (Battermann 
and Breur, 1979). For irradiations in the pelvis two 
parallel-opposed beams were used. Because of the 
relatively poor depth-dose characteristics of our 
d-- T neutron generator (Mijnheer et al., 1978) the 
maximum dose was about 209, higher than the dose 
at the mid-line. This high dose administered to the 
skin and intestine allowed us to score the effects of 
fast neutrons on these normal tissues over a wide 
range of dosages. Comparison of these results with 
available data on megavoltage photon irradiation for 
bladder tumours made it possible to estimate RBE 
values for skin and intestinal damage and for control 
of bladder tumour. 

In this paper the dose-effect relations for tumour 
control and complication rate after fast neutron 
therapy for pelvic tumours are discussed. 


METHODS AND MATERIALS 

In the Antoni van Leeuwenhoek Hospital fast- 
neutron teletherapy is given with the 14 MeV 
Philips neutron generator. The sealed-off d- T 
neutron tube is placed in a Brown-Boveri betatron 
gantry, providing isocentric radiation facilities. At a 
SSD of 80 cm the dose rate in a water phantom at 
10 cm depth is about 4 cGy/min for a 10x10 cm? 
field size. The y component of the beamat that depth 
is about 1094 of the total absorbed neutron and y 
dose rate. Twelve collimators are available, provid- 
ing field sizes from 6 x 6 em? to 16: 23 cm? at 80 cm 
SSD. For pelvic irradiation a field size of 13 «16 
cm? is usually applied. The collimator opening is 


covered with a 0.5 mm sheet of lead, thus avoiding 
any proton contamination of the beam (Mijnheer et 
al., 1978). 

In the literature a diversity of descriptions of 
neutron dose can be found. So, at the Hammersmith 
Hospital neutrons only (Dx) are quoted (Catterall 
and Bewley, 1979). In the US centres the dose is ex- 
pressed as total dose: neutron dose plus contaminat- 
ing y dose (Dx-- Da Dr). Often this total dose is 
converted into a “photon equivalent" dose by 
multiplving the neutron dose with the appropriate 
RBE (Peters et aL, 1979). The use of a “total 
effective dose" (TED) (Duncan and Arnott, 1979), 
defined as neutron dose plus one third of the y dose 
(Dx-- Dg[3), seems a simple and practical way of 
stating the biologically effective dose. However, the 
value of 1/3 as the approximate normal-tissue RBE 
of the contaminating y rays was determined at much 
higher dose levels than the few cGy per fraction con- 
taminating the neutron beam (Denekamp, 1980). ‘To 
make intercomparisons of treatments at different 
centres feasible, the quotation of total dose with the 
y dose in brackets is recommended. Of course, the 
variation of RBE with neutron energy also has to be 
taken into account when results at different centres 
are compared. In this study, all dosages are quoted 
as total dose. 

Data from 66 patients treated from November 
1976 to December 1979 were used for this analysis. 
Initially, fast neutron irradiation was given with two 
parallel-opposed fields. Due to the relatively poor 
depth-dose distribution (Fig. 1) of the beam, in some 
areas the dose was found to be 20% higher than at 
the mid-line. In addition, the dose given was 
almost 8%, higher than intended. The difference 
was caused by reconsideration of some physical 
parameters in dosimetric measurements (Zoetelief 
et al., 1979). Since 1978 a six-field technique has 
been used and thus a more homogeneous dose dis- 
tribution can be achieved (Fig. 2). 

As the high-dose areas happened to be sub- 
cutaneous tissues and parts of the small bowel and 
rectosigmoid colon, the effects of neutron irradiation 
on these normal tissues could be scored over a wide 
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TABLEI 
SCORING SCALE FOR REACTIONS OF TUMOURS AND NORMAL TISSUES IN THE PELVIS 





| Skin and subcutaneous tissues | Intestinal tissues 








| 0 Complete regression No reactions No reactions 
| 1 Partial regression, > 50°; of Depigmentation, atrophy some bowel inconvenience 
tumour volume E 
2 Partial regression, < 50%, of | Mild fibrosis Reactions requiring conservative 
tumour volume medical care 
3 No regression Severe fibrosis, shrinking > 1/3 of | Severe reactions requiring surgical 
treated area care (colostomy) 
+ ‘Tumour progression Necrosis, death due to Necrosis, bowel perforation, death 
| complications due to complications 
TN 
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Central axis depth dose curves for 8 MV X rays (1), **Co y 
rays (2) and 14 MeV neutrons (3) for field sizes of approxi- 
mately 10 x 10 cm?, 


range of dosages. Although a five point scale (Table 
I) was used to score the radiation effects, for a 
meaningful statistical analysis only two points were 
taken into account: none to mild (score 0-2) and 
severe to necrosis (score 3-4). Also, for the scoring 
of tumour response only two points were used: no 
regression or partial regression (score 3-1) and 
complete tumour regression (score 0). For the 
tumour dose, the target absorbed dose at the mid- 
line was quoted (ICRU, 1978). The higher doses 
outside the target volume were quoted for skin and 
intestinal reactions. The effects of neutron irradi- 
ations were compared with tumour and normal tissue 
reactions after megavoltage photon therapy. 

This treatment was given with a 99Co unit for 
T4n bladder tumours. As can be seen in Fig. 1, the 


depth-dose distribution of these y rays at 80 cm SSD 
is onlv slightly better than for a d-- T neutron 
source. Sixty-one patients were irradiated with two 
parallel-opposed beams in 1967 and 1968 and mid- 
line doses of 50 to 59 Gy were administered in 20 
fractions over four weeks. The data from a later 
period were also used for further comparisons. In 
1974 and 1975 41 patients were irradiated with 8 MV 
X rays from a Philips SL 75 linear accelerator. A 
dose of 50 Gy was delivered in 20 fractions over 
four weeks. As the depth-dose distribution is better 
than for the neutron generator (Fig. 1), a homo- 
geneous dose distribution could be achieved when 
only two beams were applied. 

The data for all three series of patients were used 
to estimate RBE values for control of bladder 
tumour, skin damage and intestinal. damage. For 
the statistical analysis the logistic model (Cox, 1970) 
was used, describing the relationship between dose 
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D and probability P of tumour control or serious 
complications by the formula: 
P —exp(a-4-bD)/(1-- exp(a+6D)). 

The parameters a and b were estimated from the 
data, using the maximum likelihood method (Cox, 
1970). The adequacy of the model was tested in two 
ways: firstly a quadratic term in D was added in the 
exponent and secondly D was replaced by log D, 
with or without a quadratic term in log D. Neither 
change resulted in a significant improvement of the 
fit of the model to the observed data as judged by the 
likelihood criterion. A dose-independent RBE for 
neutrons relative to photons only exists if the par- 
ameter a for neutron (ax) equals a for photons 
(apn) This was tested by the likelihood ratio cri- 
terion. If so, the RBE can be estimated from by/bpp. 
From the variances and covariances of bx and bpn 
estimated by the maximum likelihood method an 
approximate 959; confidence interval for the RBE 
can be calculated. 


RESULTS 

It has already been shown (Battermann and Breuer, 
1980) that fast-neutron irradiation can be effective in 
the treatment of inoperable bladder and rectal can- 
cers. However, it has to be stated that in the period of 
pilot studies high dosages were used (often above 
20 Gy) which have led to about 25% severe compli- 
cations. These complications were caused by over- 
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Dose-effect relationship for tumour control after neutron 
irradiation of advanced bladder and rectal tumours. 


dosing parts of the small and large bowel and the 
skin. As a result of the poor beam characteristics the 
determining factor was the AP diameter of the 
patient. No correlation was found with unfavourable 
factors like the number of previous laparotomies, 
hypertension or age, described as predisposing 
factors for intestinal complications after X-ray 
therapy (Potish, 1980). Also it was found that neither 
the number of fractions nor the overall time in our 
small series of patients influenced the tumour con- 
trol rate or the complication rate. Of all neutron 
treated patients, 38 received the dose in 20 fractions 
over 26-28 days and 28 received the same dose in 
25 fractions over 33-35 days. 

'The scoring system listed in Table I for tumour 
control was used to describe the dose-tumour effect 
after fast neutron irradiation for both bladder and 
rectal cancer. The results are given in Fig. 3. The 


N the number of fractions and T the overall time 
(Field, 1972). As can be seen in Fig. 5, no significant 
difference could be found in the dose-effect relation 
between bladder and rectal tumours. 

Results from earlier treatments with 99Co y rays 
and8 MV X rays were used for comparison with the 
present neutron data. Although the series are small 
and the effects on tumour, skin and gut had to be 
scored retrospectively, enough data became available 
for statistical analysis by the logistic model to give 
estimations of RBE values for control of bladder 
tumour, skin damage and gut damage (Table I1). In 
Fig. 4 the resulting dose-effect curves for tumour 
control after neutron and photon therapy are given, 
showing a steep shape. For skin and intestinal 
damage similar curves were found. In our neutron- 
treated patients hardly any skin sparing effect was 
noticed. This was demonstrated by covering part of 
the skin with bolus material during treatment. No 
difference in skin reaction was noticed compared 
with the uncovered part of the skin. This can be ex- 
plained by considering the charged secondaries with 
relatively high LET and RBE which increase just 
below the surface much more rapidly than electrons 
and energetic photons of low LET (Mijnheer ef al., 
1978). Skin damage might also be due to radiation 
effects on subcutaneous fat as the kerma for fat is 
high (Bewley, 1970). The skin and subcutaneous- 
tissue damage resulted in various degrees of fibrosis 
and even in radiation-induced ulceration in some 
patients. The RBE for skin and subcutaneous-tissue 
damage was 2.94 (2.75-3.13) relative to Co y rays. 
Intestinal damage was observed in both the small 
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TABLE II 
ESTIMATED PARAMETERS IN THE LOGISTIC MODEL AND RBE wirh 9595 CONFIDENCE INTERVAL 


TUTTI THU a TT ete re i BE tertie a i rH 







| Serious skin damage 
serious gut damage 
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Dose-effect relationship for tumour control (1) and for skin 

and intestinal damage (2) after neutron and photon ir- 

radiation for Tan bladder tumours. Neutrons at left, photons 

at right. As the curves for skin and for intestinal damage 

happened to be almost identical, just one curve is shown. 

The points indicate the observed values used to derive the 
curves. 


bowel and the rectosigmoid colon. Patients who died 
of intestinal complications showed necrosis, fistula 
and perforation in irradiated parts of the gut at 
post-mortem examination. Other parts of the in- 
testine were fibrotic with attachment of loops, thus 
causing impaired mobility of the bowel or even 
complete obstruction. From the analysed data an 
RBE of 3.17 (2.92-3.42) for intestinal damage was 
obtained. However, in the photon-irradiated series 
of patients no fatal bowel complications were noticed. 
The RBE for control of bladder tumour was found to 
be 3.19 (2.73-3.65) relative to 8°Co y rays. 
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Discussion 

Steep dose-response curves are demonstrated for 
tumour control and for normal-tissue damage after 
fast neutron irradiation for pelvic tumours. A similar 
effect was described in the literature after mega- 
voltage X-ray treatment for bladder tumours 
(Morrison, 1975). However, data from other centres 
(Cummings, 1978; Stevens et al., 1976) and from 
this institute (Tierie, 1978) show that local tumour 
control is hardly ever achieved in inoperable rectal 
cancer after high-energy photon irradiation. Also, 
local recurrences after anterior exenteration are re- 
sistant to X-ray therapy and the same holds for Tap 
bladder tumours (Rider and Evans, 1976). 

Of course only small numbers of patients were ir- 
radiated, both in the neutron group and in the pre- 
viously treated photon groups. With this restriction 
it can be said that fast-neutron therapy was superior 
to high-energy photons in local control of pelvic 
tumours. According to the information from this 
pilot study it would be unethical to continue with 
high-dose neutron irradiation using only two fields. 
With a six-field technique a more homogeneous dose 
distribution can be achieved and overdosages 
avoided. In more than 50 patients treated since 1978 
with this technique no fatal complications have been 
noticed. As no optimal dosage can yet be given for 
neutron therapy it might be advantageous to use two 
dose levels in the neutron arm of a clinical trial. The 
possible advantages of the use of two dose levels in 
controlled clinical trials have been discussed else- 
where (Breur and Battermann, 1979; Fowler, 1979), 

In Fig. 54 and 8 the therapeutic gain for both 
neutron and photon therapy is shown graphically, 
using the equation: 

gain — probability of tumour control — probability 
of skin damage x C1— probability of gut 
damage x C2. 
In this equation Cl and C2 are weighting factors 
which indicate the severity of skin (C1) and in- 
testinal (C2) damage. 
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By considering the percentage of local recurrences 
as serious as the percentage of complications (C1— 
C2—1) at a certain dose (Fig. 4), it can be learned 
from Fig. 5a that some gain can be achieved for neu- 
trons in a limited dose range with an optimum at 


gain 
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about 19 Gy. The same holds for photon therapy 
with an optimum at about 56 Gy. If local recurrence 
Is taken to be twice as serious as complications 
(C1--C2—0.5), the optimum doses are 20 Gy and 
60 Gy respectively (Fig. 5n). 

In previous studies no severe complications were 
noticed with X-ray therapy of 50 Gy over four weeks. 
5o the use of two dose levels in the photon arm of a 
trial could also be advocated. 

In May 1978 a controlled clinical trial for bladder 
and rectal cancer was started. Two dose levels were 
chosen in the neutron arm, 17 Gy and 19 Gy in 20 
fractions over four weeks. The results of this study 
indicate that an optimum dose will be reached at 
about 19 Gy, with 50°% local tumour control. It can 
be expected that about 1095 severe complications 
will be seen with this high-dose regime. As all these 
tumours are incurable by other treatment modalities, 
a complication rate of 1095 is perhaps acceptable. 

As various tumours with different characteristics 
are treated by neutrons, a therapeutic gain will only 
accrue in a proportion. At present only volume- 
doubling time and perhaps tumour grade are known 
as factors that influence radiosensitivity for fast neu- 
trons. Thus a large number of patients in such a 
mixed group is required to demonstrate the radio- 
biological advantages (Field, 1976) of neutron ir- 
radiation over megavoltage X rays in the treatment 
of advanced pelvic tumours. It is hoped that the re- 
sults of clinical trials now in progress at different 
centres all over the world will lead to a conclusive 
answer to whether or not fast neutrons should be in 
the armamentarium of the modern radiotherapist. 

To reach a sufficient number of patients in such 
trials international collaboration will be essential. 
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Book reviews 


Diagnostic Radiation; A possible factor in malignancy in 
patients with chronic inflammatory bowel disease, and other 
essays. By A. G. Rogers, pp. v-+- 55, 1980 (Kromar Printing 
Ltd., Winnipeg, Canada), $7 00, 

ISBN 0-919329—01—2 

This is a collection of five papers involving assortments of 
11 authors, the majority from the University of Manitoba. 
The foreword indicates that some of these papers have been 
rejected by conventional journals, but that the authors are 
so convinced that they have a "message" that they have been 
prepared to publish them privately (and with high quality 
printing and presentation). 

Basically, a number of case histories are given of patients 
presenting with adenocarcinomas who had histories of 
chronic ulcerative colitis, Crohn’s disease or similar inflam- 
matory bowel conditions, and who had consequently been 
subject previously to extensive diagnostic radiation pro- 
cedures over many years. 

From medical records and tables, estimates of the 
absorbed radiation doses to various organs of interest (in 
particular the site of the carcinoma) from these procedures 
have been computed, and in general lie between 30 and 60 
rad. The bulk of the dose came from barium enemas, and the 
authors claim that “counting the number of barium enemas 
is a valid measure of radiation dosage in most patients with 
chronic ulcerative colitis’’. 

Probabilities of increased risk per rad for various malig- 
nancies have been calculated from the BEIR (1972) report, 
and compared to the data, which represent of course too 
small a sample to produce any statistically significant results, 
but the authors indicate a trend towards an increase in colo- 
rectal carcinoma from the diagnostic doses. 

Ulcerative colitis is a condition known to predispose to 
cancer and this will complicate any interpretation. The 
recent BEIR ILE (1950)* report now has a section on intesti- 
nal and rectal cancers and concludes that a small risk (0.6 
excess colon cancer cases per 109 person-years per rad) does 
exist, though it highlights the very wide differences in 
natural rates between different ethnic populations. 

The papers are somewhat anecdotal and repetitive. The 
authors have been right to point out the risk, but it could 
have been done in much smaller compass. 

J. R. K. SAVAGE. 


*See page 898. 


M. Hart and K. Breur 


Peters, L., J., Hussey, D. H., FLETCHER, G. H. and WHAR- 
TON, J. F., 1979. Second preliminary report of the M. D. 
Anderson study of neutron therapy for locally advanced 
gynecological tumours, European Journal of Cancer, 
Supplement, 3-11. 

Porisu, R. A., 1980, Prediction of radiation related small 
bowel damage. Radiology, 135, 219—221. 

Riper, W. D. and Evans, D. H., 1976. Radiotherapy in the 
treatment of recurrent bladder cancer. British Journal of 
Urology, 48, 595. 

STEVENS, K. R., ALLEN, C. V. and FLETCHER, W. S., 1976. 
Preoperative radiotherapy for adenocarcinoma of the 
rectosigmoid. Cancer, 37, 2866-2874. 

Tere, A. H., 1978, Radiotherapy in marginal resectable 
and non-resectable rectum cancer. Radiologica Clinica, 47, 
222-227. 

ZOETELIEF, J., ENGELS, A. C., Broerse, J. J., MIJNHEER, B. 
]. and V ISSER, P. A., 1979. Effective measuring point for 
in-phantom measurements with ion chambers of different 
sizes European Journal of Cancer, Supplement, 169—170. 


Cancer Risks by Site. UICC ‘Technical Report Series, 
Volume 41. Ed. by T. Hirayama, J. A. H. Waterhouse and 
J. F. Fraumeni, pp. 217, 1980 (International Union Against 
Cancer, Geneva), 20 Swiss Fr. 

ISBN 92-9018-041—2 

This is an excellent report which summarizes epidemio- 
logical data under selected headings for all the major 
neoplasms, in order of ICD (9th revision) number. Pre- 
viously, a useful quick reference book on cancer risks by site 
has not been available and the only alternative has been an 
extensive literature search through journals and textbooks. 
The report is based on a UICC international workshop held 
in Oslo in October 1976, and the editors are to be congratu- 
lated on their efforts. 

For each site, the high risk areas and factors are first listed 
and then five major sections are considered for histology, 
prognosis, patterns of occurrence, host factors, and environ- 
mental factors. Occurrence is subdivided into time trends, 
international variations, variations within countries, and 
migration, and the host factors into sex (graphical data 
provided), age (also graphed, in terms of age-specific inci- 
dence rates), genetic predisposition, precancerous lesions, 
predisposing morbid conditions, and multiple primary 
neoplasms. There are ten subgroupings under the major 
heading of environmental factors as follows: socio-economic 
status, drugs, diet, occupation, sex life and pregnancy, 
tobacco, alcohol, radiation, air pollution, biological agents. 

For many of the possible risk factors the entry is “no 
information", and the report could have been improved in 
one respect by the addition of a cross-referenced classified 
index as well as the existing contents list by cancer site. 

For the section on prognosis, age-adjusted five-year sur- 
vival rates are quoted as a range, for males and for females. 
However, these ranges are sometimes very wide (e.g. salivary 
glands/female, 59-9095, larynx/male, 43-63%, prostate, 
27-53%) and no information is provided as to the centres 
reporting these results, Also, there is no attempt to quote 
prognosis as a function of disease stage, even classified only 
as early or late, for sites such as the cervix uteri. 

However, these criticisms are minor ones and do not 
detract from the great value of this publication. which 
deserves to be found on the library shelves of all radio- 
therapists, oncologists and epidemiologists. At 20 Swiss 
Frances itis a bargain. 


KR. F. Mourn. 
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Measurement of the lumbar spinal canal by diagnostic ultrasound 
By Catherine S. Hibbert, Carole Delaygue, Beatrice McGlen and R. W. Porter 


Doncaster Royal Infirmary 


( Received March 1981 and in revised form May 1981) 


We have previously reported a method of measuring 
the spinal canal by ultrasound, and have commented 
on its clinical significance (Porter et al., 1978). This 
paper describes in more detail the technique of 
measurement and its repeatability. 


METHOD OF MEASUREMENT 

We have used an EMI Diasonograph to measure 
the spinal canal of over 6000 subjects. The fixed 
gantry has an advantage in the ease and accuracy of 
the technique. It is our practice to use a 1.5 MHz 
transducer, but measurements can be obtained with a 
2.5 MHz transducer though with greater attenuation 
of sound. 

The gantry is inclined 15° to the vertical plane, 
and a B-scan display of the five lumbar vertebrae ob- 
tained by scanning the lumbar region a finger's- 
breadth lateral to the spinous processes. Although 
Stockdale and Finlay (1980) state that "the identifi- 
cation of the images on the B-scan together with the 
location of the corresponding echoes on the A-scan 
is by no means an easy task", we have experienced 
little difficulty in obtaining a satisfactory B-scan. It 
may take one or two attempts before the transducer 
is correctly positioned lateral to the spinous processes, 
but this is usually achieved without difficulty, and a 
satisfactory B-scan produced (Fig. 1). The five lum- 
bar vertebrae may not always be displayed together 
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B-scan display of lumbar spinal canal. 


in the same plane if there is a lumbar scoliosis, but 
this is overcome by rotating the gantry. 

Each vertebra is first identified on the B-scan 
before measurements are obtained from the A-scan. 
Selecting each vertabra in turn, the calipers are first 
positioned on the B-scan over the echoes believed to 
be reflected from the canal boundary. The anterior 
surface of the canal is easily recognized from the dis- 
tinct echoes of the posterior surface of the vertebral 
body. It requires more care to position the caliper 
over the echo from the canal’s posterior boundary. 
It is placed towards the cranial aspect of the laminar 
echoes. Having positioned the calipers as accurately 
as possible on the B-scan, actual measurement of 
the canal is made from the A-scan. In practice, only 
fine adjustment of the calipers is required for them 
to be at the apex of the A-scan echoes which are be- 
lieved to be reflected from the canal’s boundary. 
Large movement of the calipers should now be 
avoided without referring back to the B-scan to 
avoid incorrect selection of the A-scan echoes. 

The echo from the canal's anterior margin is 
readily recognized on the A-scan, being the only 
echo of such large amplitude at this depth. The echo 
from the posterior canal boundary however is less 
distinct, being part of a composite echo pattern of 
reflections from the cranial edge of the lamina where 
the posterior and anterior surfaces converge (Fig. 2). 
An echo is sought on the downward slope of this echo 
complex (Fig. 3). 

The transducer is moved slightly in order to 
maximize the amplitude of the echoes of interest on 
the A-scan, and when this is achieved, the calipers 
are adjusted finely to coincide with the apex of these 
two echoes from the canal boundarv. A glance at the 
B-scan should show the calipers positioned at the 
boundarv of the canal. 

We appreciate that correct identification of the 
echo from the canal's posterior boundary is not easv, 
and that accuracy of measurement will depend on 
the ability to display and recognize this echo. 


REPEATABILITY 
‘The intraobserver error was measured from 22 
patients by the examiner first measuring the five 
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Probable origin of echoes from the spinal canal: 15" oblique 
sagittal section. 


lumbar vertebrae as previously described. ‘This was 
repeated but with another observer recording the 
measurements from a shielded digital display. 

The interobserver error was measured from 100 
patients. One examiner measured the five lumbar 
vertebrae and altered the digital display, and a 
second examiner who had been out of the room pro- 
ceeded to measure the canal. 

The interobserver error was also recorded between 
an experienced examiner and a non-medical trainee 
to determine how long it would take a person new 
both to the technique and to the concepts of ultra- 
sound to develop a measure of repeatability com- 
parable with that of an experienced examiner. 


RESULTS 

Table I records the mean and standard deviation 
of the absolute differences between the two measure- 
ments obtained by one examiner. The interobserver 
error calculated from the absolute difference of the 
two measurements obtained by two examiners is 
shown in Table II with a mean error of less than 
half a millimetre. Table HI records the mean inter- 
observer error between an experienced examiner and 
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A-scan display showing the two echoes to be measured. 


TABLE I 
MEAN INTRAOBSERVER ERROR FOR 22 PATIENTS 








| Mean (cm) Standard deviation 
= > EER E EEA t e d N a cre Deen a A E 
L1 0.045 0.031 

L2 0.044 0.030 

L3 0.038 | 0.030 

L4 0.040 0.021 

LS 0.041 | 0.019 | 


TABLE II 
MEAN INTEROBSERVER ERROR FOR 100 PATIENTS 








|^ L4 0.038 0.028 
| L2 0.041 | 0.030 
| Là 0.036 0.030 
| 14 0.037 0.032 
| L5 0.046 | 0.037 


TABLE III 
MEAN INTEROBSERVER ERROR BETWEEN A TRAINEE AND AN EX- 
PERIENCED EXAMINER 


Dn——————— eame ERE 





Mean (cm) Standard deviation 


2nd and 3rd 


week: 1:34 


E 0.042 0.037 
L2 0.041 0.032 
L3 0.052 0.042 
L4 0.048 0.040 
L5 0.066 0.054 
4th and 5th 
week: n 36 
| 0.038 0.037 
L2 0.043 0.044 
L3 0.045 0.041 
LA 0,050 0.040 
L5 | 0.047 | 0.043 
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a trainee in the second and third weeks of training, 
and also in the fourth and fifth weeks, when a total 
of 70 patients had been examined. 


Discussion 
We find a mean repeatability of less than half a 
millimetre encouraging when attempting to measure 
a space as complex as the lumbar spinal canal. It is 
difficult to say exactly what is being measured, but 
we believe it is some parameter of the central spinal 
canal in the 15° oblique sagittal plane at the cranial 


aspect of the lamina. The speed with which a non- 
medical examiner reached an acceptable degree of 
proficiency suggests that, with careful tuition, this is 
not a difhcult technique to learn. 


REFERENCES 
Porter, R. W., Wicks, M. and Orreweir, D., 1978. 
Measurement of the spinal canal by diagnostic ultrasound. 
Journal of Bone and Joint Surgery, 60-B, 481—484. 
STOCKDALE, H. R. and FiNLAY, D., 1980. Use of diagnostic 
ultrasound to measure the lumbar spinal canal. British 
Journal of Radiology, 53, 1101. 


A technique for the loading of iridium 192 wire 


By L. R. Bridge, M.Sc., D. S. C. Marshall, M.Sc. and W. P. Wilson 
Department of Medical Physics, St. William's Hospital, Rochester, Kent, ME1 2NZ 


(Received May 1981) 


Afterloading techniques are increasingly used for 
interstitial radiotherapy in many centres. These 
techniques, combined with the use of radium-needle 
substitutes, provide significant improvements in 
radiation protection and flexibility of treatment 
(Morphis, 1960; Henschke et al., 1963; Hall et al., 
1966). Approximately half of the hospitals replying 
to a recent survey (HPA Radiotherapy Physics Topic 
Group, 1980) have facilities for carrying out iridium- 
wire implants (Paine, 1972), accessories for which 
are readily obtainable commercially (Amersham 
International Limited). The basic technique involves 
implantation of an array of outer plastic tubes (OPT) 
which are located at each end by a nylon ball and lead 
disc. From planning radiographs using dummy 
marker sources, appropriate lengths of active 19?Ir 
wire are cut and encapsulated into inner plastic tubes 
(IP'T). These are subsequently loaded into the OPT 
and the lead discs crimped to secure the implant. 

Since 1979 we have been replacing the majority of 
our radium-needle implants by the iridium-wire 
technique. One problem encountered was that of 
ensuring, without use of fluoroscopy, that the active 
wires reproduced the planned geometrical arrange- 
ment. The following technique has been developed 
and provides a simple approach to the problem. 


METHOD 
The patient leaves the operating theatre with the 
required arrangement of OPT implanted, located by 
their nylon balls and uncrimped lead discs. A special 
set of dummy sources has been constructed consisting 


of lengths of IPT containing 1 cm lengths of inactive 
wire. Each centimetre of inactive wire has been 
encapsulated with a 1 cm space adjacent to it. There 
is a | cm dead end at one end of each of the dummies 
before the first 1 cm length of wire. Thus each 
dummy source acts as its own radiographic magni- 
fication marker. 

In the X-ray room, the loading end of each OPT 
is decided upon (for accessibility, convenience, etc.) 
and the disc at the other end is crimped. Dummy 
sources are introduced from the loading end and 
pushed into the OPT until the dead end butts up 
against the crimped disc. The appropriate radio- 
graphs are then taken. The crimped (non-loading 
end) of each OPT is noted on the resulting radio- 
graphs. The dead end and length of iridium wire 
required for each source, to provide the geometry 
desired by the radiotherapist, is then determined. 

Active lengths of 1??Ir encapsulated in IPT, with 
the required dead end, are then made up on a com- 
mercial encapsulator (TEM Instruments). These 
are loaded into the patient in a similar manner to the 
dummies, so that the dead end butts up against the 
crimped disc. The remaining discs are then crimped, 
trapping the IPT (Fig. 1). Figure 2 compares a plan- 
ning radiograph using the set of dummies with the 
radiograph of the !9?Ir loaded implant. 

At the time for removal, sharp long-handled cut- 
ters are used by the radiotherapist to sever the OPT 
between ball and disc at the non-loading end. The 


ball is removed and the tubes withdrawn from the 


patient, at the loading end. 
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Cut for withdrawal 


4 Crimped lead disc Juncrimoed lead disc 


Fic. 1. 


Diagram of "Ir loading method. A, dummy source in 
position; B, !*?Ir wire loaded and secured. 
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A, radiograph with dummies in position; B, radiograph of 
i9»?Ir loaded implant. C denotes the crimped ends of the 
OP'T, prior to loading the active wire. 
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Book review 


Choix d'un Systéme Informatique pour le Calcul des Doses en 
Radiotherapie. By the Société des Physiciens d'Hópitaux 
d'Expression Frangaise, pp. 43, 1980 (S.P.H.E.F. at Insti- 
tut Curie, 26 Rue d'Ulm, 75231 Paris Cedex 05). Available 
free of charge on request. 

This short French monograph is the report of a working 
party drawn from members of the French Speaking Hospital 
Physicists Society (SPHEF) to help members choose a treat- 
ment planning svstem from those available commercially to 
its members’ hospitals. The report is divided into two parts. 
The first considers general matters such as the comparison 
of the purpose-built "in-house" mini and the terminal 
communicating with a remote time-sharing system. It pays 
attention to the degree of interactivity and to the overall 
costs to the large and small user. 

'The second part is a detailed consideration of seven com- 
mercial "turnkey" systems and “ISIS”, which is an inter- 
active system based on suitable terminals linked by tele- 


phone to a time-shared processor in Paris. It is in the form of 


a tabulated comparison of almost all the relevant factors in- 


cluding hardware, software and price. Most of these com- 
parisons are quantitative and factual. ‘They embody the 
greater part of all the questions which a would-be purchaser 
should consider, Subjective comments form no part of the 
comparison and the user is left to make his own final judge- 
ment. With the exception of ISIS all the systems were avail- 
able internationally, and thus the report is not limited in 
usefulness to members of SPHEF. 

Unfortunately, the comparison must be limited to those 
systems available at a particular time, in this case January 1, 
1980. Attention is drawn to this by the authors and to the 
fact that the product range is already considerably different. 
It is hoped that supplements or revisions will be published 
in the future. Even if the answers to the questions do become 
out-of-date as the product range evolves, the report will re- 
main useful as drawing attention to the relevant questions in 
the choice of a treatment planning system; for this reason 
alone it makes valuable reading. 

M. E. ROSENBLOOM. 
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The localization of bleeding small bowel lesions for conservative resection: 


a simple radiographic technique 
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Haemorrhage from the small bowel is a serious 


diagnostic and therapeutic problem. The value of 


selective superior mesenteric angiography to localize 
the source accurately does not require emphasizing; 
(Athanasoulis et al., 1976; Casarella et al., 1974). 
However, many of the lesions demonstrated are 
notoriously difficult to find at operation unless they 
are actively bleeding at the time (Alfidi et al., 1971; 
Athanasoulis et al., 1976). 
method of intra-operative angiography which, be- 
cause demonstration of the bleeding lesion on the 


We describe a simple 





[Present address: Department of Diagnostic Radiology, The 
National Hospital for Nervous Diseases, Queen Square, 


London W1. 


A 


operative films is not an essential requirement, does 
not involve the use of specialized angiographic 
equipment. Although only one case is offered to 
illustrate the method, it seems to possess sufficient 
versatility to be useful in most situations where 
intra-operative assistance in isolating a specific loop 
of small bowel for resection is anticipated. 


METHOD 
High-quality selective superior mesenteric angi- 
ography showing the actual or presumed source of 
haemorrhage in the small bowel pre-operatively is an 
essential requirement of the method. Once immedi- 
ate operative management has been decided upon, 





FtG. 1. 


Pre-operative selective superior mesenteric arteriogram during active bleeding: (a) arterial phase; (b) venous phase. The large 
arrow indicates contrast medium collecting in a diverticulum. The two small arrows indicate that contrast medium has left 
the diverticulum and is lying free in the lumen of the small bowel outlining valvulae conniventes. 
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the intra-arterial catheter is left in the superior 
mesenteric artery (SMA) and the patient transferred 
from the radiology department to the operating 
theatre. For this 
chosen which will not easily displace from the SMA 


purpose a catheter shape is 
during transfer, such as a Sidewinder No. 7F 
(Cordis); it is kept patent in the interval by connec- 
tion to a continuous arterial drugs infusion set. 

A radiologist and radiographer should be present 
in the operating theatre as well as the necessary 
surgical staff. The patient is placed on the table over 
a suitably positioned cassette tunnel of the sort used 
for operative cholangiography. After the surgeon has 
opened the abdomen and found blood throughout 
the small bowel but no obvious bleeding lesion, the 
bowel is exteriorized on saline-soaked towels and the 
loops arranged so as to correspond as nearly as 
possible to their position in the abdomen. A series of 
sterile metallic numbered markers (available from 


the radiology department) is sutured to the serosa of 


the mesentery approximately 5 cm from the mesen- 
teric border of the bowel and 15 cm apart. Mesenteric 
arteriography is then performed via the catheter: 
injection of 30 ml of contrast medium (e.g. Urografin 


Fic. 2. 


Operative arteriogram. ‘The two arrows indicate the arteries 
identified in the pre-operative angiograms as feeding the 
bleeding segment of bowel. 





76",), using an easily transportable 35 ml ‘Talley 
syringe operating at a compressed air pressure of 1.5 
kg/cm?, is preferable to a hand injection. A single 
radiographic exposure is made when nearly all the 
from the 
syringe. A second optional exposure may be made as 
soon as possible after the first, but is unlikely to be 
contributory. If a source of haemorrhage happens to 


contrast medium has been delivered 


be shown at this stage, it can easily be related to the 
numbered markers. However, it is far more probable 
that the source will not be seen, and the anatomv of 
the SMA is then inspected and compared with that 
displayed by the pre-operative study in which the 
lesion was shown. By careful scrutiny of the rami- 
fying pattern of the individual branches of the SMA, 
the artery supplying the bleeding segment should 
then be identifiable on the intraoperative arterio- 
gram. Thereupon the vessel is easily related to the 
numbered markers and the appropriate loop of small 
bowel isolated for resection. 


Case REPORT 

A 62-year-old woman was admitted in February 1980 
having passed a large melaena stool. ‘Ten, seven and three 
years previously she had admitted with a similar 
history; and on the second occasion, after negative upper and 
lower gastro-intestinal tract endoscopy, continued haemor- 
rhage led to emergency laparotomy. Extensive small bowel 
diverticulosis was found with no evidence to locate the 
actual site of bleeding. A blind resection of 60 cm of proximal 
jejunum was performed after which she recovered, although 
a further moderate haemorrhage occurred four years later in 
1977. 

During this latest admission, the patient suffered repeated 
episodes of haemorrhage. After negative endoscopy, 
superior mesenteric angiography demonstrated contrast 
medium extravasation into the small bowel from a diverti- 
culum (Fig. 1). 

Laparotomy and intra-operative angiography were per- 
formed using the technique described above. Intra-Iuminal 


been 





ic. 3. 


Injected specimen. Small arrows indicate unfilled diverti- 
cula, large arrows show injectate in a diverticulum. 
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extravasation could not be seen in the operative films (Fig. 
2). On a pre-operative radiograph (Fig. 1) it was evident that 
the bleeding site was supplied by two parallel vessels which 
arose opposite the origin of the ileo-colic artery, These 
vessels appeared on the second intra-operative film (per- 
formed after re-arranging the small bowel loops tn their 
approximate anatomical position) in the region of marker 6. 
Twelve centimetres of small bowel around the location of 
this marker were resected and the abdomen closed. Speci- 
men radiography (Fig. 3) demonstrated the vasculature of 
several apparentlv intact diverticula, while one contained 
extravasated contrast medium. It was assumed that this had 
been the site of haemorrhage. Post-operatively the patient 
made an uneventful recovery and remains well six months 
later. 


DISCUSSION 

Of patients with gastro-intestinal haemorrhage 
who come to angiography for the purpose of diag- 
nosing the bleeding site, some 109/; may be expected 
to show the source in small bowel distal to the 
ligament of Treitz (Casarella et al., 1974). The 
commoner lesions found are Meckel’s diverticulum 
(Faris and Whitley, 1973), bleeding jejunal diverti- 
culum (as in our case, also Kittredge et al., 1969; 
Sos et al., 1978), and arterio-venous fistulae (Casa- 
rella et al., 1974). A bleeding small bowel diverti- 
culum or an arterio-venous malformation are the 
lesions which most often prove impossible to find at 
laparotomy (Taylor, 1969; Athanasoulis et al., 1976; 
Davis, 1977), unless they are actively bleeding at the 
time. 

Non-radiographic intra-operative methods of 
localizing small bowel arterio-venous malformations 
have been described by Fogler and also by Evans 
(Fogler and Golembe, 1978; Evans et al., 1978). One 
involved making an injection of methylene blue into 
the SMA and observing the wash-out rate of the dye, 
while the other required sampling of blood from 
veins within the mesentery draining the suspected 
loop for blood gas analysis. Both are complex and 
applicable only to one type of lesion. 

Intra-operative angiography was described by 
Margulis as early as 1960 (Margulis et al., 1960), 
using a direct injection of contrast into the SMA. It 
was described again by Alfidi et al. (1971) who used a 
system of mesenteric markers similar to ours. How- 
ever, their method required that the intra-operative 
angiogram should show the lesion, and necessitated 
that operation be performed in the angiographic 
suite where the necessary specialized equipment was 


available. This 1s not a practical proposition in most 
hospitals. 

We feel that our method has decisive advantages 
over others described. The placement of the angio- 
graphic catheter in the SMA via the femoral route 
pre-operatively avoids direct canalization of the 
SMA during operation. More importantly, because 
the method does not require that the actual bleed- 
ing lesion be shown in the operative arteriogram, 
specialized equipment is not required in the oper- 
ating theatre. This means that the method is more 
versatile and should be able to localize any type of 
bleeding lesion in the small bowel at laparotomy, 
provided of course it has been shown in a high 
quality pre-operative angiogram. 
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Adrenal infarction is a well-recognized complication 
of diagnostic adrenal phlebography and if it occurs 
bilaterally it may lead to adrenal insufficiency (Eagan 
and Page, 1971; Fisher et al., 1971; Tavlor and 
Sachs, 1976). This is because the delicate adrenal 
veins are easily obstructed and over-distended during 
the injection of contrast medium, leading to venous 
rupture and thrombosis with secondary adrenal 
infarction. Remission of Cushing's syndrome, ap- 
parently due to adrenal adenoma, has been reported 
after diagnostic adrenal phlebography (Fellerman 
et al., 1970; Jorgensen and Stiris, 1974), and the 
ectopic ACTH syndrome has been controlled in two 
reported cases by intentional bilateral venous infarc- 
tion (Eddy et a/., 1973; Rogove et al., 1976). 

We report the successful use of adrenal venous 
infarction in a patient with severe life-threatening 
ACTH-dependent Cushing's syndrome. The pro- 
cedure ameliorated the hypercortisolism as a tempor- 
ary measure in preparation for definitive surgical 
adrenalectomy. 


Case REPOR 

A 26-year-old man was referred to us in October 1979 with 
extremely severe Cushing’s syndrome. Four months pre- 
viously a diagnosis of hypercortisolism had been made at his 
local hospital. Adrenal venography had shown an enlarged 
left adrenal gland but it had been impossible to cannulate 
the right adrenal vein. A left adrenal carcinoma was suspec- 
ted and that gland was removed through a mid-line abdomi- 
nal incision. ‘The histology showed adrenal hyperplasia with 
no evidence of malignancy. Post-operatively his condition 
continued to worsen and he became extremely ill with 
severe hypokalaemia, and greatly elevated plasma cortisol, 
urinary 17-oxosteroid and 17-hydroxysteroid levels. 

On arrival here in October 1979 he was very ill, with a 
grossly Cushingoid appearance. He had severe proximal 
muscle weakness and wasting, and was unable to sit up un- 
aided. He had marked conjunctival oedema and his skin was 
livid with widespread and very marked purple striae and a 
gaping abdominal wound. The blood pressure was 140/90, 
There was also dangerous hypokalaemia (initial K* 1.6 
mEq/l) and diabetes mellitus (initial plasma glucose 15.8 
mmol 1). He was immediately started on intravenous potas- 
sium replacement. 

It was considered that his condition was too grave to 
tolerate further investigation or operations and that drugs, 
such as metyrapone, might not act rapidly enough to control 
his condition. It was therefore decided to try to reduce the 
cortisol production by inducing venous thrombosis in the 


remaining right adrenal. The procedure was performed 
within 24 hours of admission and was covered with hydro- 
cortisone and broad spectrum antibiotics. A Cordis Femorol- 
Visceral catheter (French 7 gauge) was introduced selectively 
into the right adrenal vein and a phlebogram showed a 
greatly enlarged gland (Fig. 1). The catheter was wedged in 
the vein which was then deliberately ruptured after disten- 
sion of the adrenal venous system with a mixture of diatri- 
zoate (Urografin 76°,,) and 50°, dextrose solution (Fig. 2). 
The procedure was uneventful and the patient felt only 
transient lumbar pain. The urine-free cortisol (measured by 
the method of Beardwell ef al., 1968) decreased from an 
initial extremely high level of 15360 nmol/24 h (normal 
<270 nmol 24 h) to 3910 nmol 24 h but soon increased 
again, so on day 19, metyrapone was started at 2 g 24 h 
(‘Table I). Subsequently his general condition and muscle 
strength showed a definite improvement with some early 
signs of healing of the abdominal wound, and the fasting 
plasma glucose and potassium levels became normal. 





Fic. 1. 


Selective right adrenal venogram. A contrast injection into 

the right adrenal vein shows a generally enlarged gland with 

no evidence of a localized tumour. The poor technical quality 

of the study is due to the rapid respiratory rate in a very sick 
patient. 
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TABLE I 
SERIAL URINE AND SERUM CORTICOIDS 


Days after each 
infarction 








First adrenal )9 
infarction 159 





Second adrenal 11 
infarction 14 





*The same day. 


qu ÁN 


LU rine-free cortisol 
(nmol 24 h) 


(nmol 1) (2/24 h) 
15360 573 nil 
3910 —- nil 
555 nil 
—- 606 nil] 
16 349 — nil] 
- 489 2 









5. cortisolf 9 a.m. Metyrapone dose 














16 349 








nil 
) 


nil 
nil 

2 
nil 








TSerum cortisol levels have been corrected for the contribution from compound S, since this was measured separately. 


I Metyrapone temporarily discontinued. 





Fic. 2. 


Post-infarction radiograph of right adrenal gland. Extrava- 
sated contrast medium is seen lying in the retroperitoneal 
space in the region of the right adrenal gland, The appear- 
ances are due to adrenal vein rupture following a deliberate 
pressure injection through a wedged catheter. 


Results of the initial endocrine investigations then became 
available; they revealed raised ACTH levels (measured by 
the method of Rees et al. (1971)) in the range of 102-359 
ng | (normal <10 to 80 ng 1), indicating that his condition 
was either pituitary-dependent or due to an ectopic ACTH- 


producing tumour. The functional tests gave ambiguous 
results: the urine-free cortisol was not suppressed by 8 mg 
day of dexamethasone for two days, while the urinary 17- 
OGS rose from 167 to 509 pmol/24 h in response to a 
metyrapone test using 750 mg 4-hourly for six doses. There 
was no obvious pituitary tumour on skull tomography, nor 
could a tumour be found radiologically in the lungs, thymus 
or thyroid. 

As no definitive diagnosis could be made on functional 
testing, and the Cushing’s syndrome was again advancing 
despite the metyrapone treatment, it was decided to perform 
multiple venous sampling for ACTH levels in order to 
locate a source of ectopic ACTH production (Corrigan et al., 
1977). Blood was taken from the jugular, thyroid and azygos 
veins, both venae cavae, hepatic veins, left adrenal vein and 
from the right adrenal vein which was seen to be still drain- 
ing some remaining glandular tissue. After the sampling, a 
second venous infarction was performed. Again there was 
transient lumbar pain but no other complication. All the 
samples showed similar values of ACTH (about 270 ng/l) 
and no “hot spot” or significant difference from the simul- 
taneous peripheral venous samples was found. 

Seven days after the second adrenal infarction the patient 
was restarted with his previous dose of metyrapone, but this 
time, on the 5th day of treatment, he developed symptoms 
suggestive of an Addisonian crisis, which resolved on stop- 
ping the drug. Subsequently metyrapone was restarted at the 
lower dose of 1 g/day. Thereafter his condition improved 
dramatically with complete healing of the abdominal wound, 
increasing muscle strength and resolution of the diabetes and 
electrolyte disturbances. Biochemically the hypercortisolism 
became less, reaching almost normal values for urine-free 
cortisol. 

On January 21, 1980 he was considered fit enough for 
operation and a right adrenalectomy was undertaken by the 
lateral route (Welbourn, 1977). The tenth rib was resected 
and an incision was made through the diaphragm over the 
gland. The adrenal appeared very large and was the same 
colour as the kidney. It was firmly adherent to the inferior 
vena cava, so that its excision was difficult. It was, however, 
removed in one piece. The weight of the gland was 32 g 
(Fig. 3) and the histology showed adrenal hyperplasia with 
extensive zones of necrosis and haemorrhage (Fig. 4). The 
patient made an uneventful recovery and the wound healed 
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0 cm 5 10 


Fic. 3. 
Gross appearance of infarcted right adrenal, Haemorrhagic 
swelling and necrosis is evident, with normal gross mor- 
phology only in isolated areas along lower border. 


quickly. He was discharged fit and well seven days after 
operation on hydrocortisone 20 mg/24 h. His blood pressure 
had fallen to 120/70, and the G'T'T was normal. 


DISCUSSION 

This report illustrates some of the difficulties of 
managing patients with severe Cushing's syndrome. 
Metyrapone is a useful drug in lowering cortisol pro- 
duction by a selective inhibition of 118-hydroxylase 
and we find that the clinical response is usually rapid. 
However, some patients take longer to be controlled 
this way, as there is variation in the sensitivity to the 
drug (Jeffcoate et al., 1977). We considered mety- 
rapone for the initial treatment to control the 
hvpercortisolism, but, in view of the patient's 
desperate state, it was thought that infarction of his 
single adrenal might be the most rapid and certain 
way to obtain control. If successful, it might also 
allow time for further investigation and planning of 
definitive treatment. The procedure was performed 
twice with obvious benefit, as shown by the impres- 
sive clinical improvement and reduction of cortisol 
output. After the second infarction he was easily 
controlled by a low dose of metyrapone. 

Adrenal venography is generally considered to be a 
low risk procedure but is nevertheless one of the 
most invasive of available diagnostic vascular investi- 
gations. Lecky et al. (1976) made an extensive review 
of the literature. They surveyed reports of 431 
angiographic studies made for adrenal disorders 
including Cushing's syndrome, Conn's syndrome, 
virilizing syndromes and carcinoma. ‘They found 39 
complications (9",) which were divided into 34 
cases (89%) with transient complications (flank pain, 





FIG. 4. 


The adrenal cortex shows extensive haemorrhagic infarc- 

tion. Viable adrenal cortical cells are present to the left of the 

field shown, while gross haemorrhage 1s seen in two areas in 
the lower half of the field. Haematoxylin-eosin, x 30, 


adrenal vein thrombosis, extravasation of contrast 
material or haematoma formation) and five cases 
(19%) of permanent complications (three adrenal 
insufficiency, one remission of Cushing’s and one 
remission of Conn’s syndrome). No deaths occurred. 

This complication of inadvertent adrenal ablation 
during diagnostic phlebography has been turned to 
therapeutic advantage by the deliberate induction of 
adrenal insufficiency in patients with metastatic 
carcinoma of the breast (Lecky and Plotkin, 1971; 
Zimmerman et al., 1974; Jablonsky et al., 1977). Of 
particular interest are those reports of remission of 
Cushing’s syndrome after adrenal venography in two 
patients with probable adrenal adenoma (Fellerman 
et al., 1970; Jorgensen and Stiris, 1974). Intentional 
bilateral adrenal ablation by venous infarction has 
also been successfully achieved, and led to control in 
two cases of ectopic ACTH syndrome, where bi- 
lateral adrenalectomy was contraindicated: one 
patient had metastatic carcinoma of the prostate 
producing ACTH (Eddy et al., 1973) and the other a 
metastatic medullary carcinoma of the thyroid 
(Rogove et al., 1976). The application of a therapeu- 
tic vascular technique to the venous system in this 
way is an interesting extension of the use of inter- 
ventional radiological procedures in endocrine 
disease; therapeutic arterial embolization is now well 
established as a valuable measure for controlling the 
excessive hormone production of endocrine tumours 
of the pancreas and liver (Allison, 1978). 

We conclude by suggesting that adrenal infarction 
might be regarded as an alternative to bilateral 
adrenalectomy as a form of palliation in patients with 
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ectopic ACTH syndrome due to advanced malig- 
nancy. This approach also appears valuable in end- 
stage Cushing's syndrome where it is essential to 
gain at least a temporary metabolic control to pre- 
pare the patient for adrenal operation when adreno- 
lytic drug control is inadequate. 
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Lymphography in post-vagotomy chylous ascites 
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Chylous ascites is a rare complication of abdominal 
operation, caused by damage to the cisterna chyli or 
its chyle-carrying anterior tributaries from the small 
intestine. To our knowledge, this is the first case in 
which lymphography has established the diagnosis 
of cisterna chyli obstruction in this situation. 
Case REPORT 
A 72-year-old woman with chronic obstructive lung disease 


and a history of moderate alcohol intake had suffered for ten 
vears from an intractable duodenal ulcer which had failed to 
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respond satisfactorily to antacids and cimetidine. Recently 
the pain had worsened, there was frequent vomiting, and a 
giant duodenal ulcer was shown radiologically and endo- 
scopically. Truncal vagotomy and gastroenterostomy were 
performed. On the ninth post-operative day, milky fluid 
began to drain from the operative drain site but this settled 
after two days, and she was discharged. She was referred to 
us one month post-operatively with symptoms of gradually 
increasing abdominal swelling, ankle oedema and pale, 
offensive faeces. Her ascites was aspirated, revealing chylous 
fluid with a triglyceride content three times that of serum, 
and the faecal fat content was raised (23.4 m mol/day). 
Bipedal lymphography showed evidence of partial 
obstruction at the level of the cisterna chyli. Rate of flow up 
the iliac and para-aortic lymphatics was abnormally slow and 
there was some retrograde flow anteriorly into mesenteric 
lymphatics and laterally into retroperitoneal lymphatics 
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ric. 1. 


Five hours after the completion of the bipedal infusion, the 

iliac and para-aortic lymphatics remain distended with 

contrast medium. Lateral retroperitoneal lymphatics have 
filled (arrows). 


(Fig. 1). The cisterna chyli was well distended, with an 
anterior lymphatic filling in a retrograde manner directly 
from it (Fig. 2). Some contrast medium passed slowly into 
the thoracic duct which was thinly and sparsely opacihed, 
Two days later, contrast medium could be seen lying free in 
the peritoneal cavity (Fig. 3). The small bowel appeared 
normal on barium study but peroral capsule biopsy showed 
dilated lymphatics within the villi. 

She was treated with diuretics and intravenous hyper- 
alimentation but the ascites nevertheless required aspiration 
and her nutritional state deteriorated. At a second lapar- 
otomy three-and-a-half months after the first, the upper 
abdomen was found to be involved by dense adhesions 
preventing definitive dissection at the site: a LeVeen shunt 
was placed from the pelvic peritoneal cavity to the right 
internal jugular vein. She continued to deteriorate however 
and died three weeks later after developing pneumonia 
complicating her chronic obstructive lung disease. 

Post-mortem examination showed a benign peptic ulcer in 
the duodenal bulb. Dense upper abdominal adhesions were 
present, preventing adequate demonstration of the cisterna 
chyli at this site. There was no other intra-abdominal 
pathologv. 


DISCUSSION 
The 


chylous ascites 


literature mentions 11 


following retroperitoneal lymph- 


English 


cases of 


Lateral radiograph shows the distended cisterna chyli (long 


arrows) with contrast medium passing in à retrograde 


manner into an anterior visceral lymphatic (short arrow). 
Other mesenteric nodes lying well anterior to the spine have 
also begun to fill (curved arrows). 


adenectomy (Ross et al., 1971; Bigley and Chenault, 
1975; Spence et al, 1977; Herz et al, 1978; 
Miedema et al., 1978), two following operations for 
abdominal aortic aneurysm (Bradham ef al., 1970: 
Klippel and Hardy, 1971), each following 
pancreaticoduodenectomy (Walker, 1967), bilateral 


one 


coeliac ganglionectomy (Ikard, 1972) and removal of 
left paravertebral, pararenal neuroblastoma (Roy ef 
al., 1970), four following venous shunts for portal 
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Fic. 3. 


Two days later, a right decubitus radiograph shows contrast 

medium lying free in the peritoneal cavity (arrows). The 

medium descended to the left side when the patient lay on 
that side (not illustrated). 


hypertension (Klippel and Hardy, 1971; Boyd and 
Wooldridge, 1955; Maywood et al., 1978; Freund 
et al., 1979) and four following truncal vagotomy 
(Cox et al., 1966; Clain, 1971; Musgrove, 1972; 
Hocking and Barth, 1978). There is therefore a 


special risk of chylous ascites after certain types of 


operation. 

As the cisterna chyli is a para-aortic retroperi- 
toneal structure, it is not surprising that the various 
forms of retroperitoneal dissection in the above list 
account for the majority of cases; in one of them 
(Ross et al., 1971), lymphography showed the 
approximate site of laceration and direct leakage. 

In portal hypertension, there is an increased flow 
of lymph from the viscera due to the venous stasis 
and the raised pressure transmitted via the lympho- 
venous communications. This facilitates significant 
chylous leak from the inevitable lymphatic tears 
occurring during the various shunt operations for 
portal hypertension. Clinically significant and per- 
sistent chylous ascites has followed splenorenal 
shunt (Maywood et al., 1978; Freund et al., 1979; 
Warren, 1978), inferior mesenteric-left renal shunt 
(Boyd and Wooldridge, 1955) and superior mesen- 
teric-inferior vena cava shunt (Klippel and Hardy, 
1971). In a case following splenorenal venous shunt 
(Maywood et al., 1978), lymphography was normal, 
which is not surprising as the lacerated lymphatic 


would have been lateral to the cisterna chyli “‘main 
line". 

In two cases of chylous ascites following truncal 
vagotomy, the cause was a torn lymphatic vessel in 
the region of the vagotomy procedure, close to the 
gastro-oesophageal junction; this was established at 
re-operation (Clain, 1971; Musgrove, 1972). In a 
third case, the leaking lymphatic lay adjacent to the 
left gastric pedicle which had been divided during 
re-vagotomy (Hocking and Barth, 1978). This was 
controlled at a third operation by a transfixion 
suture. The fourth case settled conservatively (Cox 
et al., 1966) and it was here suggested that, during 
surgical division of the posterior vagal trunk, 
interference with the cisterna chyli had resulted in 
obstruction. This seems to have been the cause in 
our patient. The posterior vagal trunk is related to 
the back of the oesophagus as it traverses its 
diaphragmatic hiatus, which in turn lies anterior, 
cephaled and slightly to the left of the aortic hiatus 
through which the cisterna chyli passes (Warwick 
and Williams, 1973). 

Bipedal lymphography is a reliable method of 
showing the ‘‘main line" of lymphatic drainage via 
cisterna chyli and thoracic duct. It can be used 
therefore to localize laceration of these trunks and 
demonstrate direct spill of chyle or, as in this case, 
obstruction causing backward flow and delayed 
seepage of chyle (Schulman et al., 1978). In our case, 
the presence of obstruction rather than laceration of 
the upper cisterna chyli was proved by the slow flow 
up the lateral para-aortic chains into the well 
distended cisterna chyli, the retrograde flow into its 
gastromesenteric tributaries, and the late appearance 
of free contrast medium in the peritoneal cavity. 
Obstruction was incomplete as shown by the appear- 
ance of some medium in the thoracic duct, which 
was sparsely opacified and showed no stasis or 
retrograde flow into tributaries (Schulman et al., 
1978). The cisterna chyli could only be described as 
well-distended but this fits in with our previous 
experience that, even in the presence of thoracic duct 
obstruction severe enough to produce retrograde 
flow with chylous effusions, the thoracic duct and 
cisterna chyli are not elastic enough to becomes 
dilated beyond normal limits (Schulman et al., 1978). 
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Synergism of X irradiation and radiographic contrast medium 
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Radiographic contrast media (RCM) are more toxic in 
animals with endotoxaemia (Slivka et al., 1978). External 
abdominal X irradiation releases endotoxin from gut 
(Taketa, 1962). We have investigated the effect of large 
doses of abdominal X irradiation and intravenous meglu- 
mine ioglycamate in rabbits to determine whether or not the 
effects are additive. 

Seven groups of white endotoxin-negative New Zealand 
rabbits (weight 2.1 to 2.9 kg) were studied (Groups A-G). 
The groups were treated with various combinations of ex- 
ternal abdominal X irradiation and intravenous meglumine 
ioglycamate (Table I). The radiation was administered with 
a Dynaray 4, 4 MeV linear accelerator (Radiation Dynamics 
Ltd.), FSD 100 cm, field size 15 x 10 cm, dose measured at 
depth of 10 cm from skin surface. Meglumine ioglycamate 
was administered intravenously via an ear vein at a rate of 
1 g/min. The experiments on Groups B and D were re- 
peated, substituting !??I.labelled meglumine ioglycamate 
for ordinary meglumine ioglycamate. All the animals in 
Groups B to G inclusive were examined macroscopically 
and histologically, either at death or after killing, three days 
after the procedure. 

Histological sections were made of liver, kidney, spleen, 
adrenal, duodenum, small bowel, heart and lungs. The 
animals which had received !*5I-labelled meglumine iogly- 
camate were killed two hours after administration of RCM, 
and weighed samples of liver, kidney, spleen and plasma 
were placed in a scintillation counter and counted for five 


§Present address: Department of Immunology, Adden- 
brooke’s Hospital, Hills Road, Cambridge. 


minutes. Endotoxin assays using the limulus technique 
(Levin and Bang, 1964) were performed on the plasma of 
all rabbits. Samples were taken before irradiation or in- 
jection of contrast medium and then at 0.5, 2 and 24 h after 
irradiation and/or injection of contrast. 


RESULTS 

There were no deaths in Groups A and B (Table 1). One 
rabbit in Group C died five days after irradiation. The 
other 14 animals in Group C remained well. However, in 
Group D, nine animals out of 15 died (6095). Five died 
within 24 h of irradiation, two within 48 h and the other two 
within 72 h. In Group E there were no deaths. In Group F, 
seven rabbits out of ten died, six within 24 h and the 
other at 30 h. There were no deaths in Group G. There 
were no macroscopic or histological abnormalities in any of 
the animals in Groups B, C, E or G. In Group D there were 
no macroscopic abnormalities but eight of the animals 
showed signs of pulmonary oedema, three animals had 
necrotic foci in the white pulp of the spleen and two 
animals had necrotic foci in the peri-portal regions of the 
liver. In Group F there were no macroscopic abnormalities, 
but six of the animals showed signs of pulmonary oedema, 
two had necrotic foci in the white pulp of the spleen and 
two had necrotic foci in the peri-portal regions of the liver. 

Table H shows that animals which had received abdominal 
X irradiation 2 h before RCM administration retained a sig- 
nificantly larger amount of RCM (!??I-labelled meglumine 
ioglycamate), in the kidney, liver, spleen and plasma com- 
pared to animals which had received RCM with no prior X 
irradiation. The differences between Groups A and B are 


TABLE I 
RESULTS OF RABBIT EXPERIMENTS 





A controls, 
B 4.2 g/kg meglumine toglycamate intravenously. 
C 7.5 Gy (750 rad) abdominal X irradiation. 


Pulmonary 
oedema (6). 
Necrotic foci in 
spleen (2). 
Necrotic foci in 


liver (2). 


Pulmonary 
oedema (8). 
Necrotic foci in 
spleen (3). 
Necrotic foci in 


liver (2). 


D 7.5 Gy (750 rad) abdominal X irradiation + 4.2 g kg meglumine ioglycamate intravenously 2 h later. 


E 4 Gy (400 rad) abdominal X irradiation. 


F 4 Gy (400 rad) abdominal X irradiation + 4.2 g/kg meglumine ioglycamate intravenously 2 h later. 
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TABLE 2 
AMOUNT OF IODINE 125-LABELLED MEGLUMINE IOGLYCAMATE RETAINED 2 HOURS POST-INJECTION (MEAN OF FIVE ANIMALS) 














con Se 


| Kidney Liver 

| A | 14 500 +1200 3600 +. 400 
| C | 5000 :- 550 2000 =- 100 
| D | 6600 + 500 







€—————————  — P EAO RAT E preys EEO IEEE ERR E 





Plasma 


Spleen 






18800 -- 2000 





38 800 + 2500 26000 + ar 00 
16800 + 1300 4200 :- 200 
8300 + 500 6000 -+ 4000 





A 740 kBg (20 & C1) !??I-labelled meglumine ioglvcamate intravenously. 
B 7.5 Gy (750 rad) of abdominal X-irradiation followed by 2 h later by 740 kBq (20 aCi) 131] meglumine ioglycamate intra- 


v enously. 


C 370 kBq (10 pCi) I-labeled meglumine ioglycamate intravenously. 
D 7.5 Gy (750 rad) of abdominal X irradiation followed 24 h later by 370 kBq (10 aCi) !??I meglumine ioglycamate intra- 


venously. 


‘The numbers in the table are the counts in five min per g of material or per ml of plasma. Uncertainties are standard errors. 


significant (p «0.01, using Student's r-test). There is no 
significant difference between Groups C and D, i.e. RCM 
alone and RCM 24 h post-irradiation, The endotoxin assays 
were uniformly negative apart from one positive result in 
Group D and one positive result in Group F (both at 2 h 
post-RCM administration), but this is not statistically sig- 
nificant. 
COMMENT 

Abdominal X irradiation. releases. endotoxin from gut 
(Taketa, 1962) and the possibility that the deaths were due 
to endotoxic shock was considered. However, there was no 
evidence of endotoxic shock in any of the animals at post- 
mortem. 

Endotoxin assavs were generally negative, and it would 
therefore appear that endotoxin does not plav a significant 
role in the mortalities recorded. Fumarola (1978) suggested 
that some RCM samples may be contaminated with endo- 
toxin, but on testing several bottles of meglumine ioglyca- 
mate we found no positive results for endotoxin using the 
limulus assay. The pulmonary oedema may be due to a 
simple. volume-overloading effect, Le. the hyperosmolar 
RCM is not being excreted at the normal rate and attracts 
fluid into the intravascular compartment, leading to pul- 
monary oedema. The necrotic foci in the spleen and liver 
are not in the typical sites associated with septic emboli. 
These foci may be due to a pyaemic infection, the cause for 
which is not apparent. A significant point is that there were 
no deaths in Group G, Ze. RCM administered 24 h after 
X irradiation. 

This suggests that the synergistic effect of RCM and X 
irradiation is transient, Ze., the changes induced by the ir- 
radiation are short-lived, possibly representing a transient 
impairment of hepatic function. There was no patho- 
logical evidence of disseminated intravascular coagulation 
and pathological examination of the gut revealed no abnor- 
mality in any of the animals. We have confirmed that in 
human plasma, known reactors to RCM have a faster pre- 
kallikrein/kallikrein conversion rate than controls (E. 
Lasser, San Diego, personal communication), and it is pos- 
sible that the RCM and X irradiation are additive in their 
release of kinins, and this may contribute to mortality. X 
irradiation alone has been shown to activate the clotting and 
kinin systems (Pouchova et al., 1978) and RCM activates the 
clotting system (Lasser et al., 1979), so it would seem reason- 
able that the additive effect we have demonstrated could be 
mediated via the clotting and kinin systems. The results 
suggest that large doses of abdominal X irradiation and 
biliary intravenous radiographic contrast medium act 
synergistically. "The exact mechanism is uncertain, but is 
partially explained by the data from the radio- labelled RCM 
experiments showing that prior abdominal X irradiation 
delays excretion. of the RCM, perhaps leading to toxic 
plasma and tissue levels. 'The necrotic splenic and hepatic 


foci may be secondary to impairment of the animals' resist- 
ance and reflect their overall poor condition. Stenstrand and 
Edgren (1981) have shown in citro that low-dose X irradi- 
ation and RCM together cause an increase in chromosome 
aberrations, which suggests that the synergistic effect we 
have demonstrated could be a result of protein configur- 
ational changes. Further experiments are required to 
elucidate the time-course of the loss of interaction between 
RCM and X irradiation, and as there is no difference in 
mortality between 4 and 7.5 Gy (400 and 750 rad) it is im- 
portant to discover the lowest radiation dose at which the 
synergy occurs, 

It is difficult to extrapolate results to humans but it would 
seem prudent to exercise caution in the administration of 
biliary radiographic contrast medium to patients who are 
undergoing or have just undergone a course of radiotherapy. 
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OER and RBE variation between p(75)-Be and d(50)-Be neutron beams 


By J. Van Dam, Ph.D. 


Laboratorium voor Gynaecologische Cancerologie en Experimentele Radiotherapie en Dienst voor 
Gezwelziekten, K.U. Leuven, A.Z. St. Rafaël, B-3000 Leuven 


and A. Wambersie, M.D., Ph.D. 


Unité de Radiothérapie et de Neutronothérapie, U.C.L. 5469, Cliniques Universitaires St-Luc, B-1200 Bruxelles 


(Belgium) 
( Received April 1981 and in revised form May 1981) 


Neutron beams produced by 50 MeV deuterons on a 10 mm 
thick beryllium target have been used routinely for clinical 
applications at the cyclotron “CYCLONE” (Louvain-la- 
Neuve) since March 1978 (Wambersie et al., 19792). The 
depth-dose curves, as well as the surface build-up, are 
similar to those obtained with X rays of about 6 MV. 

In order to improve further the physical selectivity of our 
irradiations, the use of neutron beams produced by bom- 
barding a thick beryllium target with 75 MeV protons is 
contemplated. As an indication, the 50?5 dose is obtained at 
a depth of 16 cm for the present d(50)-Be neutrons and at a 
depth of 21 cm for the p(75)- Be neutrons with a 33 mm thick 
Be target and an additional 10 cm thick polyethvlene filter 


However, prior to their clinical applications, and besides 
the necessary dosimetric measurements, the radiobiological 
characteristics of the p(75)-Be neutron beams have to be 
investigated. In this respect, the present paper compares the 
OER and the RBE of p(75)- Be and of d(50)- Be neutrons. On 
the one hand, it should be checked that increasing the 
neutron energy (and improving the physical selectivity of 
the irradiations) does not bring with it the drawback of an 
increase in OER. On the other hand it is necessary to evalu- 
ate the difference in RBE between the two beam qualities, 

Growth inhibition in Ficia faba bean roots has been used as 
biological system in the present experiments. The different 
aspects of our technique have already been described (Van 
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Relative growth in ten days (Gio) plotted as a function of 


absorbed dose after irradiation with p(75)-Be neutrons under 

aerobic and hypoxic conditions. Each point represents the 

mean of about ten roots. The slopes of the dose-effect 

relationships have been computed by regression analysis 
(see text); the hatched areas correspond to +: 25m. 
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Dam et al., 1980). This system is particularly suitable for 
OER determination; as regards RBEs, any observed differ- 
ences should be regarded as upper limits of those expected 
for systems related to mammalian cell lethality (Hall and 
Rossi, 1975). 

A total number of 600 roots (Sutton's Seeds) were irradi- 
ated after randomization with respect to radiation quality, 
oxygenation conditions and absorbed dose level. The 
reported absorbed doses are total absorbed doses Dny in 
Shonka type TE medium (Wambersie et al., 1979b). The y 
component was 7%, in the d(50)-Be neutron beam, and 
preliminary measurements suggest that it was not very 
different in the p(75)- Be neutron beam. The dose rates were 
adjusted to be similar for both radiation qualities f.e. 0.1 
Gy mint, 

Our data are presented on Figs. 1 and 2 for p(75)- Be and 
d(50)-Be neutrons respectively. In the dose range investi- 
gated, the dose/effect relationships were found to be linear 
and straight lines were fitted through the experimental points 
by linear regression analysis. 

The quoted OER values are the dose ratios correspond- 
ing to a relative growth Gio of 0.6. No significant difference 
was found between p(75)-Be and d(50)-Be neutron beams 
(Table D: OER «1.5 (sm=0.1) and 1.4 (5470.1) respect- 
ively. In previous experiments (Van Dam et al., 1980), an 
OER value of 1.5 (sq, — 0.1) was found for d(50)-Be neutrons 
and an OER value of 2.6 (sm=0.1) for Co y irradiation. 
The present results on Vicia faba are also in agreement with 
those obtained in the same beams at “CYCLONE” by 
Guichard et al. (1980) using V79 cells iz vitro; they are also 
compatible with the data of Hall and Kellerer (1979) who 
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TABLE I 
OER anp RBE or pP(75)- BE AND D(50)-BE NEUTRON BEAMS 


Radiation quality 


ee er A a A a ee rm m T s Pen a e e S e a a i. 


OER ( Esm)” 


I. OER studies 

p(75)-Be neutrons 1.5(-0.1) 
d(50)-Be neutrons 1.4 (40.1) 
d(50)-Be neutrons 1.5(0.1) 
Cobalt 60 y rays 2.6 (0.1) 


Radiation quality 


Absorbed dose/Gy] 
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1I. RBE/dose relationships 


p(75)-Be neutrons 0.25 
(relative to d(50)-Be neutrons) 0.4 
0.75 
d(50)-Be neutrons 0.25 
(relative to Cobalt 60 y rays) 0.4 
0.75 





Biological system: growth inhibition in Vicia faba (Sutton's Seeds). Cyclotron CYCLONE (Louvain-la- Neuve). 


*sm standard error of the mean. 


+With reference to the OER value for ®°Co y rays quoted below. 


1 Total absorbed dose D,» for the test radiation. 


found only a slight increase in OER with incident particle 
energy in the present energy range. 

The RBE of p(75)-Be neutrons with respect to d(50)- Be 
neutrons decreased from 0.9 -+-0.1 to 0.85 +-0.15 for p(75)-Be 
neutron absorbed doses decreasing from 0.75 to 0.25 Gy. 
‘These results agree with those reported by Guichard et al. 
(1980) on V79 cells in vitro and by Wambersie et al. (1981) 
for chromosome aberrations in Allium cepa onion roots. For 
this latter system RBE decreased from 0.9 to 0.75 with 
decreasing p(75)- Be neutron doses from 0.5 to 0.04 Gy. 
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Radiosensitivity of lymphocytes separated from rat lymph 
nodes and human peripheral blood 


THE EprroR-—51R, 

As a criterion for inactivation. of lymphocytes after 
irradiation, loss of capacity for stimulation after addition of 
mitogens such as PHA is often used (Conrad, 1969; Carson 
et al., 1965). A simple measure of stimulating ability is the 
incorporation of radioactive thymidine into DNA, measured 
by liquid scintillation counting after addition of PHA. This 
method has been found useful in estimation of whole-body 
absorbed dosage in man. For human lymphocytes isolated 
from peripheral blood, the radiosensitivity has been well 
established (Ilberty et a/., 1971; Baral and Blomgren, 1976; 
1978). Similar measurements could be useful also with 
lymphocytes separated from animals. In particular, if more 
sensitive lymphocytes than those from human peripheral 
blood could be isolated, they might represent a more accu- 
rate in vivo dosemeter at low radiation doses. 

In the present experiments a technique was established 
for the isolation of lymphocytes from rat lymph nodes. The 
radiosensitivity of these lymphocytes was investigated and 
compared with the radiosensitivity of lymphocytes separated 
from peripheral human blood. 

Human lymphocytes were taken from heparinized venous 
blood of healthy persons (20 IU of heparin without preser- 
vation/ml blood) The lymphocytes were separated by 
differential centrifugation on a Ficoll-Hypaque gradient 
(Lymphoprep, Nyegaard & Co, Oslo) (Boyum, 1968). After 
separation the cells were treated as described by Heier 
(1974). The human cells were grown in medium RPMI1640 
without HEPES, supplemented with 15% AB serum. 

Rat lymph nodes were taken from inbred Wistar Kyota 
rats anaesthetized with ether. The lymph nodes were col- 
lected in medium RPMI 1640 with HEPES supplemented 
with 595 rat serum. The serum was taken from the same type 
of inbred rats as the cells, though not from the same animals. 
With a hypodermic needle the membranes of the lymph 
nodes were ruptured and the lymphocytes suspended in the 
medium. To remove lymph node material the suspensions 
were filtered through 100 um filter (Nytal, Schweizerische 
Seidengazefabrik AG). The cells were then washed three 
times in medium RPMI 1640 without HEPES and the cell 
number was counted in an electronic cell counter. Rat 
lymphocytes were grown on medium RPMI 1640 without 
HEPES, supplemented with 5% rat serum. 

'The cells were irradiated with 220 kV X rays at a dose rate 
of about 2 Gy/min. Unirradiated controls and irradiated 
samples were then diluted and plated in microwells (Falcon). 
Immediately afterwards PHA was added to give a final 
concentration in the wells of 16.6 ug/ml before the cells were 
incubated with COs. Once an hour up to 90 hours (methyl- 
3H)thymidine was added to groups of three parallel wells to 
give a final activity in the well of 230 kBq (6.25 LCi)/ml. 
‘Thirty minutes after addition of (methyl-?H)thymidine the 
cells in the three parallel wells were harvested by a Skatron 
Multiple Cell Culture Harvester, which lyses the cells with 
distilled water. The radioactivity was counted in a liquid 
scintillation counter and the radiation response was measured 
as the relative incorporated activity in irradiated and un- 
irradiated populations. 

Since the rate of incorporation of (methyl-?H)thymidine 
was measured once every hour during incubation both for 
the irradiated and the unirradiated cells the variation in 
relative activity with time was closely observed. For human 
lymphocytes the time course of the rate of incorporation was 
similar to that already published by various workers. For rat 
lymphocytes, oscillations in the rate of incorporation were 
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seen both for the irradiated and the unirradiated cells. Data 
from one typical experiment are shown in Fig. 1. In panel A 
the time course of the amount of incorporated thymidine is 
shown for an unirradiated population and a population 
irradiated with 1 Gy. 'The corresponding relative activities 
were calculated and are shown in panel B. 

Although the reasons for the oscillations are not known, 
we will suggest two possible explanations: (a) the oscillations 
might express a synchrony in the cycling population of 
stimulated cells. This is possible since it is known that PHA- 
stimulated lymphocytes are able to complete several cell 
cycles (Bender and Prescott, 1962; Marshall and Roberts, 
1965; Jaksic et al., 1976) and that the formation of cell 
suspensions from lymphoid tissue can induce selective loss of 
cells in a specific part of the cell cycle (Fossum et al., 1979); 
(b) different subpopulations of lymphocytes could be 
stimulated at different times, giving rise to separate maxima 
in the overall DNA synthesis rate of the population. 

Data similar to those shown in Fig. 1B were recorded for 
both types of lymphocytes after various radiation doses. 
Mean values of the relative activity recorded during the 
period 50-75 hours after addition of PHA for the human 
cells and 40—70 hours after addition of PHA for the rat cells 
were calculated. These values are the experimental points of 


CPM (*/^ of max) 


RELATIVE ACTIVITY ( e) 





HOURS AFTER PHA-ADDITION 


Fic. 1. 


(a) Rate of DNA-synthesis of lymphocyte populations 
separated from rat lymph nodes as a function of the time 
after addition of 16.6 ug/ml of PHA. Data are shown for 
cells irradiated with 1 Gy (6) as well as for unirradiated 
cells (O). Both curves were drawn by hand. 
(8) The relative rate of DNA-synthesis of the irradiated 
(1 Gy) and the unirradiated population as a function of time 
after addition of 16.6 ug/ml PHA. 
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Dose-response curves of lymphocytes separated from human 
peripheral blood (@) and from rat lymph nodes (O). The 
experimental points represent the mean of all observations of 
relative activity during the time intervals 50-75 h and 40—70h 
after addition of PHA for the human and rat cells respec- 
tively. The error bars represent standard deviations. 


the dose-response curves shown in Fig. 2. The error bars 
represent standard deviations. 

The data indicate that the human lymphocytes from 
peripheral blood are clearly more resistant than the rat 
lymphocytes from lymph nodes. For a comparative response, 
the human cells need about six times the radiation dose 
required by the rat cells. Thus, as a biological dosemeter, the 
cells from the rat lymph nodes offer a higher sensitivity than 
the cells from peripheral human blood. Due to the oscil- 
lations in the rate of incorporation of ?H-thymidine, how- 
ever, the need for standardization during measurements is 
even higher with the rat cells. 

Yours, etc., 
*E. O. PETTERSEN, 
TK. J. OLSEN, 
tA. B. JacoBsEN, 
IA. B. ANDERSEN. 
Departments of * Tissue Culture and f Haematology, 
Norsk Hydro’s Institute for Cancer Research, 
and the TGeneral Department, 
‘The Norwegian Radium Hospital, 
Montebello, Oslo 3, Norway. 
( Received March 1980 and in revised form June 1981) 


Book review 


Renal Adenocarcinoma, A series of workshops on the biology 
of human cancer. Report No. 10, pp. 215, 1980 (UICC 
Technical Report Series, Vol. 49) (International Union 
Against Cancer, Geneva), Sw.fr. 17. 
ISBN 92--9018-049-8 

This is an interesting and useful collection of papers 
covering clinical and research aspects of renal adenocarci- 
noma, It is a moderately uncommon tumour comprising less 
than 2% of all cancers, so that a small publication indicating 
the present position is to be welcomed. Known factors which 
play a role in the aetiology, together with other possible 
agents, are considered and all the text is well supported bv 
references to the literature. 

There is a section on the radiological approaches to the 
diagnosis and treatment of the tumour, which is a concise 
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summary of the present position of diagnostic radiology in 
this context. It is not a book with radiological illustrations 
but it is easy to read and should stimulate one to look else- 
where for more detailed information. 'T'here is a particularly 
good account of the latest views on the histopathology of this 
carcinoma. 

On the research side, coverage is given to spontaneous 
hormonal and chemically induced animal models of this 
tumour as well as information about viral models and the 
latest views about immune mechanisms and steroid recep- 
tors. 

The paperback concludes with a chapter on the chemo- 
therapy of renal adenocarcinoma and thoughts for future 


studies. 
B. T. HALE. 
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FELLOWSHIPS AND GRANTS FOR CANCER RESEARCH 

The International Union against Cancer invites appli- 
cations. for Yamagiwa-Yoshida Memorial International 
Cancer Study grants (deadline December 31) and Inter- 
national Cancer Research Technology Transfer Programme 
Grants. Details and application forms from: UICC, rue du 
Conseil-General 3, 1205 Geneva, Switzerland. 

The International Agency for Research on Cancer (World 
Health Organization) invites applications for training 
fellowships in 1982/3 from junior scientists wishing to be 
trained in the fields of epidemiology, biostatistics and 
environmental carcinogenesis (both chemical and viral). 
Details and application forms from: The Head of the 
Research Training and Liaison Programme, 150 cours 
Albert-Thomas, 69372 Lyon Cedex 02, France. Deadline 
January 31 1982. 


‘THE SHORT AND LoNG TERM BIOLOGICAL CONSEQUENCES 
OF EXPOSURE TO RADIATION 
Middlesex Hospital, London. Tuesday, October 13, 1981, 
Enquiries to the Programme Committee Secretary, Professor 
J. H. Martin, Department of Medical Biophysics, Blackness 
Laboratory, University of Dundee, Dundee DD1 4HN. 


A CHANGING ROLE FOR RADIOTHERAPY IN THE TREATMENT 
OF SMALL CELL CARCINOMA OF THE BRONCHUS 

At the BIR, 36 Portland Place, London WIN 3DG, on 

Thursday, October 15 at 7.15 p.m. Chairman: Professor 

R. J. Berry; speakers: Professor N. M. Bleehan, Mr. J. 

Belcher and Dr. I. E. Smith. Preceded (5.45 p.m.) by a 

State of the Art Seminar on “Lung cancer: the clinical 


problem” (Chairman: Mr. W, M. Ross). 


RapiopioLocy WonK-IN-PnocnREss MEETINGS 

Meetings during the coming year at the Institute include 
“Subcellular targets, including ultrastructural damage", 
November 20, 1981; a general meeting on February 26, 1982 
and "Late damage to normal tissues after radiotherapeutic 
doses" on May 21, 1982, The all-day Saturday meeting will 
be on November 21, 1981, on “The effects of small doses 
the basis of radiation protection”. 

Please note all meetings will be held at the BIR’s new 
address, 36 Portland Place, London W1. 





‘THE RADIOLOGICAL DIAGNOSIS AND 
TREATMENT OF THYROID DISEASE 
WEDNESDAY, NOVEMBER 18, 1981 
This all-day meeting, organized by the BIR Nuclear 
Medicine Committee, will be held at the Institute, 36 Port- 
land Place, London W.1. The meeting will cover all aspects 
of thyroid disease, including the use of isotopes. 


INTERVENTIONAL ARTERIOGRAPHIC PROCEDURES 
At the BIR, 36 Portland Place, London W1N 3DG, on 
Thursday, November 19 at 7.15 p.m. Speakers: Drs. D. J. 
Allison, M. Collins and D. Cumberland. Preceded (5.45 
p.m.) by a State of the Art Seminar on “ECRP: the radi- 
ologist's approach” (Chairman: Dr. M. I. Lavelle). 


SAFETY REVIEW AND INSPECTION OF NUCLEAR POWER 
PLANTS 
The International Atomic Energy Agency will hold a 
seminar in Vienna from November 23-27, 1981. Further in- 
formation and participation forms from D. A. Herbert, 


Department of Energy, Atomic Energy Division, ‘Thames 
House South, Millbank, London SW1P 40] (phone 01-211 
6850). 


PAEDIATRIC RaproLocy 1981 
GREAT ORMOND STREET, LONDON, NOVEMBER 26-27 

This annual two-day course is designed for consultants 
and senior registrars. The theme will be the gut; other topics 
covered will include jaundice, hypertension and the neo- 
natal big head. Speakers will include paediatricians, paedi- 
atric surgeons and endoscopists; there will be opportunity for 
open discussion. 

There are a limited number of places. Cost £40. Full 
details: Dr. I. Gordon, Department of Paediatric Radiology, 
Hospital for Sick Children, Great Ormond Street, London 
WC 1 (telephone 01-405 9200). Closing date for applications 
November 10. 


COMBINED Mopaciry ‘THERAPY—CLINICAL AND 
LABORATORY ASPECTS 

A joint meeting (British Institute of Radiology and 
British Association for Cancer Research) will be held on 
November 26 and 27 at The Royal College of Surgeons, 
Lincoln’s Inn Fields, London. Speakers: Professor N. M. 
Bleehan, Drs. R. Sandland, L. L. Gunderson, W. H. 
Shipley, J. Overgaard, S. Dische and Professor P. Alexander 
(the 2nd Gordon Hamilton-Fairley Memorial Lecture). 
Enquiries to: Dr. M. J. Embleton, Cancer Research 
Campaign Laboratories, University of Nottingham, Uni- 
versity Park, Nottingham NG7 2RD. 


PTH ANNUAL Mip-WiNTER MEETING 
AMERICAN ENDOCURIETHERAPY SOCIETY 
DECEMBER 9-11, 1981 

The Fourth Annual Mid-Winter Meeting of the American 
Endocurietherapy Society will commence at the Wailea 
Beach Hotel, Maui, Hawaii, on December 9, 1981. The 
scientific. programme features symposia, workshops and 
scientific sessions dealing with the many aspects of cancer 
management utilizing interstitial and/or intracavitary radi- 
ation therapy for sites such as the breast, head and neck, 
uterine cervix, prostate, among others. Guest speakers 
include Professor Daniel Chassagne from the Institut 
Gustave-Roussy, Villejuif, France; Eric Hall, D.Phil., 
College of Physicians and Surgeons, Columbia University, 
New York; and Professor Yasushi Shigematsu, Department 
of Radiology, Osaka University, Osaka, Japan. 

Scientific sessions on specific disease sites will be con- 
ducted every morning. Abstracts for proffered papers should 
be mailed to the Executive Offices of the American Endo- 
curietherapy Society no later than October 15. This meeting 
has been approved for 15 hours Category 1 CME credit by 
the California Medical Association. For further information, 
write to; American Endocurietherapy Society, 1245 Wil- 
shire Blvd., Suite 217, Los Angeles, California, 90017. 
Attn: Norma Kaysing, Executive Secretary. 


BRITISH MEDICAL ULTRASOUND SOCIETY 
The 1981 Annual Meeting will be held on December 
14-15 at the University of London Union, Malet Street, 
London WC1. 
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RapiATION Biorocv ror Part I EF. R.C.R. 
RADIOTHERAPY AND ONCOLOGY 

An intensive course in radiation biology will be held in the 
Paterson Laboratories, Christie Hospital and Holt Radium 
Institute, Manchester, January 25-29, 1982, inclusive. The 
course follows the syllabus for the Part I F. R.C.R. examin- 
ations. Although the course is intended primarily for radio- 
therapists in training it is also open to students of radiation 
biologv and experimental oncology. Lectures and demon- 
strations will be given by the staff of the Paterson Labora- 
tories. Applications: Dr. J. H. Hendry, Paterson Labora- 
tories, Christie Hospital and Holt Radium Institute, 
Manchester M20 9BX. 


QUANTITIES AND UNITS FOR USE IN RADIATION PROTECTION 

Scientific meeting and exhibition, National Physical 
Laboratory, Teddington, Middlesex, Tuesday, January 26, 
1982. Organized by the Society for Radiological Protection. 
Enquiries: Prof. J. H. Martin, Dept. of Medical Biophysics, 
Blackness Laboratory, University of Dundee, Dundee 


DDI 4HN. 


THE MAYNEORD SYMPOSIUM 

Friday, February 19, 1982. This meeting is being organ- 
ized by, the BIR Council in honour of the 80th birthday of 
Professor W. V. Mayneord, C.B.E., F.R.S. It will be an all- 
day meeting to be held at the Royal Society, in Carlton 
House Terrace, London. The theme for the meeting will be 
“The future in radiology" as seen by distinguished workers 
in a number of branches of radiological science. 


THE NATURAL RADIATION ENVIRONMENT 
Tuesday, March 30, 1982, at the Central Electricity 
Generating Board, Sudbury House, 15 Newgate Street, 
London EC1. Organized by the Society for Radiological 
Protection. Enquiries: Prof. J. H. Martin, Dept. of Medical 
Biophysics, Blackness Laboratory, University of Dundee, 
Dundee DD1 4HN. 


EUROPEAN SOCIETY OF PEDIATRIC RADIOLOGY 
19TH CONGRESS, PRAGUE, APRIL 22-24, 1982 
Organized by the European Society of Pediatric Radi- 
ology, Czechoslovak Medical Society J. E. Purkyně, 
Czechoslovak Radiologic Seciety and the Czechoslovak 
Pediatric Society. Deadline for applications and abstracts: 
December 30, 1981. Information: Czechoslovak Medical 
Society" J. E. Purkyně, 19th Congress of the European 
Society of Pediatric Radiology, Vítézného Gnora 31, 120 26 
Praha 2, Czechoslovakia. 


THe ASSOCIATION or RADIOLOGISTS OF WEST AFRICA 
Will hold its 20th Annual Conference in Benin City, 
Nigeria, May 5-8, 1982. Full information from: Dr. J. C. 
Odita, Department of Radiology, University of Benin 
Teaching Hospital, P. M.B. 111, Benin City, Nigeria, West 
Africa. 


SOCIETY FOR RADIOLOGICAL PROTECTION 
THIRD INTERNATIONAL SYMPOSIUM---INVERNESS 1981 

June 6-11, 1982. Main topics: radiation and risks; radio- 
biology and epidemiology ; instrumentation and equipment; 
design of facilities; radioactivity in the environment; 
education and public information; legal and regulatory as- 
pects; accident management; non-ionizing radiation; 
medical techniques. Brochure from Symposium Organizer, 
SRP International Symposium, c/o NRPB Harwell, Didcot, 
Oxon OX11 ORQ. 


SRD WORLD FEDERATION MEETING FOR ULTRASOUND 
IN MEDICINE AND BroLocv: JuLY 26-30, 1982 

This will be held at the Metropole Conference Centre, 
Brighton, England; and will incorporate the 5th World 
Congress of Ultrasound in Medicine and Biology. 

Over 2000 delegates are expected; many participants will 
also have an interest in radionuclide imaging, X rays and 
other investigative procedures. A large trade exhibition is 
being arranged as an integral part of the conference: bro- 
chure now available. Further details from: WFUMB-82 
Conference Office, 4L Portman Mansions, Chiltern Street, 
London W1M 1LF (phone 01—486 6582). 


3RD WORLD CONGRESS OF NUCLEAR MEDICINE AND BIOLOGY 

Paris, August 29-September 2, 1982. Main topics: 
radiopharmaceuticals; radio-immunoassay; clinical appli- 
cations; instrumentation; nuclear and non-nuclear investi- 
gations; radiobiology, health physics, dosimetry; economics 
and management, Deadline for abstracts: December 1, 1981. 
Information: World Federation of Nuclear Medicine and 
Biology, B.P.28, F-91403 Orsay, France. 


Wor.ip Concress ON MrnicaL Puysics AND BIOMEDICAL 
ENGINEERING 1982 

13th International Conference on Medical and Biological 
Engineering; 6th International Conference on Medical 
Physics. September 5-11, 1982, Hamburg, Federal Republic 
of Germany, Presidents: Prof. W. Bleifeld (Hamburg) and 
Prof. D. Harder (Göttingen). Correspondence: Hamburg 
Messe, Congress Organization, D-2000 Hamburg 36, 
Germany. P.O. Box 30 23 60. 


THe NEUTRON AND ITS APPLICATIONS 

The Institute of Physics, in collaboration with AERE 
Harwell, is organizing an international conference in Cam- 
bridge, September 13-17, 1982, to mark the 50th anniversary 
of the discovery of the neutron. 

The conference aims to cover all aspects of neutron 
science. Plenary lectures will include G. Allen on ‘The con- 
tribution of neutron scattering to the understanding of 
macromolecules, J. F. Fowler on neutrons in medicine, A. 
M. Lane on nuclear reactions caused by neutrons, C. 
Llewellyn-Smith on the structure of the neutron, A. R. 
Mackintosh on the contribution of neutron scattering to the 
understanding of magnetism, N. F. Ramsay on particle 
properties of the neutron, and C. G, Schull on wave proper- 
ties of the neutron. The conference will include a com- 
memorative session and a public session devoted to issues of 
general concern. There will be exhibitions of scientific 
equipment, and of historical interest. 

Further information from the Meetings Officer, The In- 
stitute of Physics, 47 Belgrave Square, London SW1X 8QX. 


SrH SOUTH. AFRICAN 
INTERNATIONAL RADIOLOGICAL CONGRESS 

The 5th South African International Radiological 
Congress, together with a Scientific and ‘Technical Exhi- 
bition, will be held in Johannesburg at the Carlton Hotel 
from October 8 to 15, 1982. The theme is "Imageology", 
and many of the most eminent international radiologists 
have been invited to participate. Honorarium lectures from 
overseas participants, if accepted, will be paid $250 per 
lecture. Further information: Dr. P. Reichman, Congress 
Director, PO Box 2251, Johannesburg 2000, Republic of 
South Africa. 


TTH INTERNATIONAL CONGRESS OF RADIATION RESEARCH 

Will be held at the International Congress Centre RAI, 
Amsterdam, The Netherlands, July 3-8, 1983. Information: 
Dr. J. J. Broerse (Secretary-general of the 7th ICRR), 
Radiobiological Institute TNO, PO Box 5815, 2280 HV 
Riswik, The Netherlands. 
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Book reviews 


À practical introduction to cranial CT 


Manuel de techniques radiographiques du cráne 


Nuclear medicine—focus on clinical diagnosis 


Scintillation camera acceptance testing and performance evaluation 


Basic bone radiology 


Lumbale Myelographie mit wasserlóslichen Kontrastmitteln 


Lecture notes on clinical oncology 


Roentgenology of lymphomas and leukemias 


The effects on populations of exposure to low levels of ionizing radiation 


Cancer 


Diagnostic radiation: a possible factor in malignancy in patients with cronic inflammatory bowel 


disease 


Cancer risks by site 


Choix d'un systéme informatique pour le calcul des doses en radiotherapie 
y que p P 


Renal adenocarcinoma 


Books received 





A Manual of Good Practice 


Edited by : Walter A. Langmead 


Part l. — Diagnostic Radiology 


Price £2.95 


This Manual is concerned with the radiation protection of 
patients undergoing diagnostic examinations or treatment 
with ionising radiations. It examines the responsibilities of 
the many individuals — general practitioners, clinicians, 
radiologists, radiographers and physicists ~ whose special 
fields of knowledge together contribute to the radiation 
safety of the patient, and it proffers advice to each in turn as 
to the preferred procedures to minimise the patient's 
radiation dose without reducing the level of diagnostic 
achievement or the efficacy of treatment. 


The Manual is to be published in two Parts, dealing with 
radiology and with nuclear medicine and radiotherapy. 
PART 1. ~ DIAGNOSTIC RADIOLOGY, covers the X-ray 
examination from the initial request to the final report, The 
scientific and technical factors which enable the clinical 
objectives to be attained with minimal dose to the patient 
are also reviewed, Two Appendices give recommendations 
respectively for certain specialised X-ray examinations, and 
for a departmental guide to radiographic procedures. 

The benefits of medica! diagnosis and treatment with radi- 
ation are large and the potentíal radiation hazards arising 
therefrom are comparatively minor in most cases. Neverthe- 
less, the safety of the patient is paramount and this results 
from good teamwork and attention to detail, as outlined in 
this Manual. 


Prepared by Panels of the British Radiological Protection 
Association; and published by The British Institute of 
Radiology. 
Orders to BIR Publications, 36 Portland Place, London 
WIN SIDG. 
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RADIOLOGY TEACHING PROGRAMS 


 Aseries of programs designed for teaching 
- radiology to medical undergraduates 

















An intensive two-week programme to emphasize the basic 
fundamentals of Diagnostic Ultrasound will be offered at the 
Health Science Centre, 700 William Avenue, Winnipeg, 
Manitoba, R3E 023, by Dr. E. A. Lyons, Associate Professor 
of Radiology. 

The programme provides lectures, evening scan sessions, 


The programs may be used as demonstrations, 
tutorials or library sources. 


Diagnostic Ultrasound Course for 
Sonologists and Sonographers 
i 


Clinical Programs Le daily scan sessions with patients and daily reading sessions 
1. pulmonary consolidation of routine clinical material. The programme also offers access 
2. pulmonary collapse to a large teaching file, video-tape library and slide file. The 
3. pleural disease lecturers are invited speakers and members of the permanent 
4. mediastinal abnormalities staff. 
5. solitary lung nodules us 
6. multiple lung nodules n urea i ad 
7. diffuselung disease S d berí4-25,1983 = 
had i ovember 23--December 4, 1981 

8. intestinal obstruction January 25-February 5, 1982 
Anatomy Programs April 12-23, 1982 
1 c thorax June 7-1 B, 1982 
2. skull 
3. spine pn Faculty: i TN 

Ai ; Dr. E. A. Lyons, Associate Professor of Radiology 
E or eiae Dr. R. E. Brown, Associate Professor of Radiology 


Dr. F. Manning, Associate Professor of Obstetrics and 


Each program is composed of a number of 10"x 12" Gynecology 


transparencies which can be duplicated on standard 


: : ; The programme meets the criteria for ACR category | credit 
radiographic copiers, prog ten gory 


for 68 hours per programme. Enrollment is limited to 15 


Cost: clinical programs - £15 including postage potias pes programme. 


anatomy programs ~ £20 including postage For further information please contact: 
Enquiries : Head of Department of Radiology, 


University of Queensland, Clinical Sciences Building, Ms. Maureen Kostesky, Programme Co-ordinator, 
Royal Brisbane Hospital, Herston, Old 4029, Section of Diagnostic Ultrasound, 700 William 


Australi: Avenue, Winnipeg, Manitoba, R3E 023, Canada 
ustraia. Telephone: 1-204-787-3701 
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Ó— ham's Textbook of Anatomy 
Edited by G. J. Romanes 


In the new edition of this standard textbook of anatomy, the whole text has been reviewed and revised with regard 
to new developments in the study and teaching of anatomy. In addition, the sections on the central nervous 
system, digestive system, and respiratory system have been almost entirely rewritten. A completely new feature is 
the addition of an atlas of anatomical structure using radiograph and tomograph (CT scans) in addition to normal 
illustrations. Twelfth edition illustrated £25 


A New System of Anatomy 


being a Dissector's Guide and Atlas 
Lord Zuckerman, with Deryk Darlington and Peter Lisowski 


For this new edition of a standard dissection guide for medical students the revisers have simplified some of the 
dissections in line with modern anatomy curricula. They have rearranged the order of several dissections, notably 
the upper part of the neck, and rewritten and simplified the heart dissection. A new section on the brain has been 
added to deal with the practical problems of shortage of materials. Second edition illustrated £30 

paperback £18-50 


Oxford University Press 














Coparvax is a freeze-dried 


preparation of Corynebacterium parvum. 


When injected into previously-aspirated 
pleurai or peritoneal effusions, Coparvax 
has been shown to be extremely 
effective at preventing recurrence and 
easing the associated symptoms. 

In addition, Coparvax has 
a remarkably low incidence of side- 
effects, unlike many other treatments, 
some of which may require concomitant 
narcotic analgesia. 

For further information on 
this advance in the management 
of malignant effusions please contact 
our scientific Services Division at the 
address below. 
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when the quality of life 
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ONTARIO CANCER FOUNDATION 
TORONTO-BAYVIEW CLINIC 
Sunnybrook Medical Centre 


MEDICAL PHYSICISTS 


The Toronto- Bayview Clinic is a new cancer treatment 
centre associated with Sunnybrook Hospital and the 
University of Toronto. Construction of the outpatient 
and radiation therapy facilities will be completed by 
October 1981. 


The Clinic will treat 2500 new patients a year and will 
have a major research orientation, Radiotherapy 
equipment will include a Cobalt unit, one 6 MeV and 
two 25 MeV linear accelerators, simulator, and 
treatment planning computer, Support facilities will 
include a machine shop, electronics shop, and 
laboratory space for clinical physics and research. 


There are three positions immediately open for 

Clinical Physicists with appropriate training or 
experience in medical physics and radiation therapy 
treatment planning. Applications are encouraged from 
Ph.D., M.Sc. and B.Sc. medical physicists with 
suitable qualifications. In addition to clinical 
responsibilities, physicists may be involved in teaching 
and in research. 


Interested individuals are encouraged to respond 
promptly, and to send a curriculum vitae and the 
names of three referees to: Dr. H. B. Michaels, Head, 
Division of Clinical Physics, Ontario Cancer 
Foundation, Toronto-Bayview Clinic, 2075 Bayview 
Avenue, Toronto, Ontario MAN 3M5, Canada. 
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British Journal of Radiology Supplements 


No.12 Carcinogenesis and Radiation Risk, a 
Biomathematical Reconnaissance 


By W. V, Mayneord and R. H. Clarke 


Reprinted 1979 £6.50 


No.15 Computerized Tomographic Scanners in 
Radiotherapy in Europe 


Edited by Roger J. Berry 


1981 £19.50 


No.16 Treatment Simulators (Applications of 
Modern Technology in Radiotherapy) 


Revised 1981 £3.50 


Available from: 


Publications Department, 
British Institute of Radiology, 
36 Portiand Place, 


London W1N 3DG (01-580 4085) 


. Please send remittance with order 














J.K. LIGHTING have developed a special range of X-ray 
viewinglight box's, together with an executive light case. 
Both of special interest to both doctors + dentists alike. 
send this coupon now for our leaflet and price list.” 


Please send me your fuil colour brochure, J K Lighting Displays Ltd 


M 
Tudor Works, Beaconsfield Road, Hayes, Middlesex, Tel: 01-848 3661/2 


| Address PEOPLE 


|J. K K. . Lighting Displays Ltd. | 


Tudor Works, Beaconsfield Road, 
Hayes, Middlesex. Tel:01-648 3601/2 
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Trust baritoptotell you 


Baritop contrast medium: high density and Baritop 100 ready-made suspension in ring- 
low viscosity to give smooth and even pull can for easy use. Baritop G powder 
coating of the Gl tract, time after time. for higher density. Baritop gas producing 
The special consistency of Baritop makes effervescent tablets complete with 

the most of your double-contrast technique. ^ defoaming agent. 





J excellent resolution every time 


Concept Pharmaceuticals Ltd, 
59-61 High Street, Rickmansworth, Herts. WD3 1EZ. Tel. Rickmansworth (09237) 79388. 


SIEMENS 


The MULTIGRAPH is an X-ray diagnostic uni 

for planigraphy and Bucky radiography on 

recumbent patients. 

The unit permits the preparation of planigraph 

with linear, elliptical and spiral blurring, spiral 

blurring nih igh image redis (ead for 
igh : : 


dua eva 3i : os 
Zonography with linear ahd circular blurring 
and Bucky radiography with vertical and. 


oblique beam projection supplement the : 
versatile application. Ue 
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An afterloading system for 
intracavitary and interstitial radiotherapy 
using Ir 192 or Cs 137. 


Atterloading 
Buchler 


Isodose distributions can be obtained by using 
one single oscillating source or by using fixed 
source-trains or series of selected sources and 
inactive beads. 


Buchler makes use of the first method" to be able 
to offer you effectiveness, a lower investment price, 
an easier service and maintenance program and a 
quicker and safer source-exchange. 


You always work with 
only one oscillating source 


source train or series of 
sources and inactive beads 





| | 
An additional aspect: with Afterloading Buchler 
you can change over from low dose to high dose 
at any time without altering the device — simply 
by changing the source. 


With Afterloading Buchler you decide on an oscillating 
source giving you many advantages. 


*) For the 3-channel device with two additional stationary sources 


IS know f you want to know more about introducir 
g to the «Buchler« Afterloading method 
mbH 





Please let 
jr changin 


Buchier Gmt 

Bereich Radioaktivitat und Strahlenschutz 
D-3300 Braunsc hweig Harxbutteler Strae 3 
Telefon (05307) 1865 Telex 08 59 533 
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Automatic, Computer-controlled Dynamic 


and High Resolution Static B-scanning 


The Sonography System RA-1 diagnostic ultra-sound 
scanner uses sophisticated, computer-controlled 
image processing to achieve superior image resolution. 
The advanced, state-of-the-art scanheads comprise 

& LFOV scanheads for multiformat abdominal 
scanning. 

# WV scanheads for high frame-rate scanning. 

4 Small parts scanhead, incorporating Doppler with 


Spectral Analysis, for superficial vessel and organ studies, 


for neonatal and paediatric scanning. 

The modular design guards against obsolescence whilst 
permitting expansion and the ability to retrofit new 
imaging techniques as they are developed. 
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Universal Computer-controlled 
High Resolution Static B-scanning 


The Universal Pho/sonic-SM fully-integrated computer-controlled, high 
performance ultrasound scanner which produces excellent image 
resolution. It isdesigned to meet individual requirements through a variety 
of system options, including: 

+: Wide range of transducers + Image Process Functions 

: Area, Circumference and Volume measurements. 

+ Obstetrics measurement facility -+ Floppy disc interface 





Future improvements to the image processing may be incorporated due tc 
the flexible computer software. 


Other Siemens ultrasound equipment is available, including the IMAGER 
2300, a Dynamically Focused Linear Array Real-Time B-scanner. 

For full details write to: Siemens Medical Group, Siemens Limited, 
Windmill Road, Sunbury-on- Thames, Middlesex TW14 7HS. 

Telephone Sunbury (09327) 85691 


„Siemens gives you the choice! 


Cathetron 
Remote loading 
Intracavitary unit 
using Cobalt 60. 


The Cathetron has now been in clinical use 
for over a decade and is used by well over 
30 hospitals in nearly 20 different countries. 


Use of the Cathetron gives full protection, 
from radiation hazards, to all staff and 
reduces treatment time to minutes, thus 
ensuring that the Catheters stay in their 
correct location. These short treatment 
times mean that many patients can be 
treated as out-patients and therefore need 
not take up valuable bed space. 


The Cathetron is used for surface mould 
treatments; treatments of the oesophagus 
and bronchi as well as gynaecological 
cases. 


[TEM] Instruments Limited 


Gatwick Road, Crawley, Sussex, RH10 2RG, England Tel 0293 31244 
Telex 87397, Grams TESTMENT CRAWLEY 
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GENERATOR OF 
TOMORROW IS HERE 


SATURN- 


FLEXIBILITY 

e One,twoorthree factor control 

e Operator inputto memory store 

e Over 200 operator introduced 
programmes 

e Lastexposure on each auxiliary 
memorised for instant recall 


rro 









THE MICROPROCESSOR 
CONTROLLED GENERATOR 


DIGITALLY DISPLAYED 

e kV mAmaAstime 

Post exposure of mAs and time 

Organ and projection 

Number of further exposures possible 
Diagnosed error or malfunction 
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International course in 
gastro-intestinal radiology 


Lund, Sweden June 14-18, 1982 


Organizing committee : Erik Boijsen and Anders 
Lunderquist. 


This postgraduate course will focus on the most 
up-to-date techniques in gastro- intestinal 
radiology including the gastro- intestinal tract, 
the liver, the bile ducts, the spleen and the 
pancreas. Diagnostic as well as interventional 
procedures will be covered. Morning sessions 
with formal lectures will be followed in the 
afternoon by workshops giving more time for 
informal discussions. 


For further information, please contact: 
Anders Lunderquist, M.D. 
Department of Diagnostic Radiology 
University Hospital 

$-221 85 LUND 

Sweden 


Management of Malignant Disease Series 


3 The Management of 
Testicular Tumours 


Edited by Michael Peckham 


This book deals with the biology, 
pathology and especially the treatment of 
testicular tumours. Dramatic 
improvements in treatment results are 
illustrated, the toxicity of treatment 
stressed and the desirability of defining 
groups of patients where non-aggressive 
treatment methods are effective, is 
discussed. 

Á17:50 boards 296 pages 89 illustrations 
Publication 26 November 


Also available in the series: 

Y The Management of Terminal 
Disease 

Edited by Dame Cicely M. Saunders 
EII boards 222 pages 26 illustrations 

z Malignancies of the Ovary, Uterus 
and Cervix 

Raymond S. Bush 

£,13:95 boards 256 pages 77 illustrations 


Edward Arnold 
41 Bedford Square, London WCIB 3DQ 












Diagnostic Radiologist. 
Diagnostic Radiologist wanted, with fellowship or 
eligible, to join radiological group in Edmonton, 
Alberta, Canada. Hospital and office practice. 
Applicant should have training in special procedures 
and/or ultrasound. 


Please reply to: 

Dr. W. J. Taylor, M.B., Ch.B., D.M.R., 
F.R.C.P.(C.) 

#360 10830- Jasper Avenue 
Edmonton, Alberta 

Canada T5J 283 


l—M——ÓÓ—— HOT 












Fellowship in Brachytherapy 


Two positions available July 1, 1982, 
with research and O.R, opportunities, 
emphasizing lung and prostate. 

Three years of radiotherapy training 
and VQE required. 
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Apply: Dr. Beryl McCormick, 
Memorial Sloan-Kettering Cancer Center, 
NYC, NY 10021. 







CANADA 


The Grenfell Regional Health Services are respons- 
ible for staffing an area, approximately the size of the 
British Isles, involving most of Labrador and Northern 
Newfoundland. it has a mixed population of 40,000 
served by four hospitals and one of these is a teaching 
hospital affiliated to the Memorial University, New- 
foundland, There are also medical centres and nursing 
stations. 

Travel expenses from UK to Newfoundland are paid. 


Applications are invited for 


LOCUM RADIOLOGIST 


This appointment will be of Consultant grade but a 
Senior Registrar with appropriate experience might be 
considered. The post is for one year from July 1982 at 
a salary of approximately $45,000 p.a. (Canadian 
dollars). The exact salary will depend on training and 
experience, The Radiologist will be based at the 
Charles Curtis Memorial Hospital, St. Anthony, where 
the population is 6,000. 


UK applicants only are invited to apply to: 
Grenfell (UK) Office, c/o Prof. Ivan Curson, 
KCH Dental School, Denmark Hill, London 
SE58RX 


Applicants resident outside the UK should apply 
directly to: 

The Personnel Director, Grenfell Regional Health 
Services, Charles Curtis Memorial Hospital, St. 
Anthony, Newfoundland AOK 4SO, Canada. 
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HENDERSON = 


COLONIC LAVAGE UNIT 


The Henderson Colonic 
Lavage provides a simple, 
effective and safe apparatus 
for washing out the large 
intestine and the terminal 
ileum of the small bowel. 


The Henderson Colonic 
Lavage is indicated for patient 
preparation prior to surgery 
or radiography. 

An important feature of this 
machine is, that as fluid is 
withdrawn from the patient, 
air is admitted to maintain the 
full lumen of the bowel, 
permitting complete fluid 
evacuation and assisting 
further faecal removal. 





Macarthys Surgical Ltd 


DAGENHAM BIRMINGHAM GLASGOW LIVERPOOL MANCHESTER 

Selinas Lane Unit 25/28 301-3 Glentanar Road 201-3 London Road Precinct Centre 

Dagenham, Essex RM8 10D Edgebaston Shopping Centre Balmore Industrial Estate Liverpool L3 8JS Oxford Road 

Tel.: 01-593 7511 Hagley Road Glasgow G22 7UG Tel.: 051-207-1348 Manchester M13 9GS 
Birmingham B16 8SH Tel.: 041-336-8782 Tel.: 061-273-6754/5 


Tel.: 021-454 6713 





CEREBRAL AND ABDOMINAL ANGIOGRAPHY SYSTEM 


The Shimadzu Pangiomax is a dedicated 
cerebral and abdominal angiographic sys- 
tem that permits stereoscopic magnifica- 
tion radiography in routine diagnosis. It is 
generally accepted that magnification radio- 
graphy and stereogra- 

phy effectively 







TREES increase the 
m» diagnostic re- 
"4 


- liability of cerebral angio- 
graphy. The Pangiomax permits stereo- 
scopic magnification images of the 
cerebral and abdominal vessels to be 
obtained by effectively combining a 
stereoscopic magnification radiogra- 
phy device, large capacity fine-focus x- 
ray tubes, cut film changers, etc. 
INTERNATIONAL MARKETING DIV. 


Shinjuku Mits ii Building, 1-1, Nishishinjuku 2-chome. Shinjuku-ku Tokyo 160 Japan 


Phone. Tokyo 03-346-5641 Overseas Telex: No. 0232-3291 SHMDT 
SHIMADZU (Europa) GmbH + 


4000 Dusseldorf 1, Johannes Weyer Str. 1 F.A. Germany 
FD T N KYOTO JAPAN = - d 
co ORATIO Phone: (0211) 314061 Telex: 08586839 SHIM D 


MEDICAL X-RAY SUPPLIES LTD. 
Cottrell House 53-63 Wembly Hill Road, Wembly, HAS 7PR 
Phone: 01-902-6098 ENGLAND 














Uftrasound in Ede oU N Medicine 
Edited by Kenneth J.W. Taylor and 
Gregory N. Viscomi 

Volume7 1981 218 pages 

271 halftone + 17 line Wustration 
£12.95 

Deals full ly and exclusively with the applications of 
diagnostic ultrasound to acutely ill patients. 
Featuring the contributions of 21 outstanding 
authorities in the field, the book covers a complete 


hardback 


spectrum of emergency situations including those in 


ophthalmic, neurologic, cardiac, obstetrical, 
gynaecological and abdominal areas. 


Volumes Already Available in the Clinics in 
Diagnostic Ultrasound Series 


Diagnostic Ultrasound in Gastrointestinal 
Disease 

Edited by Kenneth J.W. Taylor 

Volume! 1979 188pages 

153 half-tone illustrations hardback £12.95 


Genitourinary Ultrasonography 

Edited by Arthur T. Rosenfield 

Volume2 1979 264 pages 

295 half-tone illustrations hardback £12.95 


Diagnostic Ultrasound in Obstetrics 
Edited by John C. Hobbins 

Volume3 1979 202p ages 

99 halftone dlustrations hardback £12. 95 


Two-Dimensional Echocardiography 
Edited by Joseph A. Kisslo 

Volume4 1981 222 pages 

113 half-tone + 46 hine itiustrations 
hardback £11.00 


New Techniques and Instrumentation in 
Ultrasonography 

Edited by P.N.T. Wells and Marvin C. Ziskin 
Volume5 1981 254 pages 

98 half-tone + BO line illustrations 

hardback £12.00 


Ultrasound in Cancer 

Edited by Barry B. Goldberg 
Volume6 31981 234 ih 
208 half-tone + 48 line illustrations 
hardback E 295 


Churchill 
Livingstone sas F- 


Robert Stevenson House, 1-3 Baxter 
Leith Walk, Edinburgh EH1 SAF 


s Place, 











Forthcoming Volumes in the Series include: 


Volume 8 Diagnostic Ultrasound in Pediatrics 
edited by JO. Haller and A, Shkolnik 


Volume 9 Case Studies in Ultrasound 
edited by Harris J. Finberg 


Volume 10 Real-time Ultrasonography 
edited by F: Winsberg and P. Cooperberg 


Other Important Books 


A Textbook of Radiology and Imaging 
Edited by David Sutton 

1980 Third edition Single Volume edition 1,456 
pates hardback £65.00 
Two Volume edition Volume! 698 
Volumell  800pages hardback £80.00 
2. 937 halftone + 234 line illustrations 


Neuroradiology 
Edmund H. Burrows and Norman E. Leeds 
mi Two Volumes | 944 pages 

845 half-tone + 76 line illustrations 
indc £95.00 
A major new text on the radiology of the brain and 
spinal cord, providing an informed approach to the 
radiological investigation and interpretation of 
neurological disorders, 
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Pearls in Diagnostic Radiology 
Harold D. Rosenbaum 


1981 252pages 242 half-tone illustrations 
hardback £19.50 

Using a case-orientated approach, this book 
challenges the reader to reach a correct diagnosis 
on the basis of given radiological data, 


Gynecologic Oncology 

Fundamental Principles and Clinical Practice 
Edited by Malcolm Coppleson 

1981 Two-Volume Set 1,140 pages 


62 full-colour + 552 half-tone + 51 line and tone + 
259 ine illustrations hardback £75.00 

This definitive new work on malignant disease of the 
fernale genita tract provides encyclopedic 

treatment of the entire field 


Scheduled for December Publication! 
Scientific Basis for Medical Imaging 
Edited by Peter N.T. VVells 


1881 320 pages approx, 100 half-tone + 169 line 
iustrations hardback £25.00 approx. 


Recent Advances in Clinical Oncology-1 
Edited by C.J. Williams and J.M.A. Whitehouse 
352 pages approx 46 half-tone + 52 line 
paperback £19.50 approx, 


1981 
illustrations 
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GUERBET 


Better contrast media through research 


Laboratoire GUERBET 
16-24, rue Jean Chaptal - 93601 Aulnay-sous-Bois - Cedex FRANCE 
Tél. :866.78.37 - Télex : 212382 F. 
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Ultrasonography in acute cholecystitis 


By F. Croce, M.D., G. Montali, M.D., L. Solbiati, M.D. and G. Marinoni, M.D. 
Servizio di Radiologia, Ospedale di Circolo di Busto Arsizio, Via A. da Brescia, 21052 - Busto Arsizio (VA), Italy 


(Received April 1981) 


ABSTRACT 

Forty cases of acute cholecystitis, surgically and patho- 
logically confirmed, were investigated with ultrasound. 

Echographic diagnosis was possible in 34 patients (85°): 
special emphasis was laid on wall thickening (9094 of cases, 
with a mean wall thickness of 8.08 mm), evidence of an 
echofree layer within the wall (67.5%, of patients) and a 
lumen greater than 4 cm with thick walls. 

Associated cholelithiasis was demonstrated in 28 of these 
patients, In five more patients specific wall signs were 
absent and cholelithiasis was the only detectable sign of the 
disease. In only one patient was there no echographic sign of 
acute cholecystitis, 


In the past few years grey-scale ultrasonography has 
been widely used for visualization of the gall bladder 
and detection of cholecystitis. More recently assess- 
ment of gall-bladder wall features has been con- 
sidered an essential part of cholecystosonography, 
especially in acute and chronic cholecystitis (Engel 
et al., 1980; Finberg and Birnholz, 1979; Handler, 
1979; Marchal et al., 1978). However, the usefulness 
of single echographic signs is still controversial 
(Fiske et al, 1980; Sanders, 1980) or not fully 
defined (Engel et al., 1980; Finberg and Birnholz, 
1979). 

This report describes our observations in 40 cases 
of acute cholecystitis, in an attempt to help delineate 
the echographic pattern of this disease. 


PATIENTS AND METHODS 

The study group consists of 40 patients, referred 
to our Ultrasound Department with a clinical 
suspicion of acute cholecystitis. Most patients had 
epigastric or right upper quadrant pain, tenderness 
and fever. Occasionally a painful mass could be 
palpated. All patients were investigated early after 
onset of symptoms and cholecystectomy was per- 
formed within 24 hours: acute cholecvstitis was 
confirmed surgically and pathologically. 

Al ultrasound examinations were performed by a 
physician in longitudinal, transverse and oblique 


92 


planes. A real time scanner (Aloka SSD 240) with a 
3.0 MHz probe and a static scanner (PhoSonic 8M 
Digital) with either a 3.5 or a 5.0 MHz transducer 
were used. 

In the echographic evaluation of acute cholecystitis 
we considered four main features, 

1. Thickening of the gall-bladder wall, defined as 
measuring 3 mm or greater (Engel et al, 1980; 
Finberg and Birnholz, 1979; Handler, 1979). Wall 
thickness was measured in transverse scans using the 
medial or lateral wall and including all identifiable 
lavers. The anterior wall was excluded while in the 
near field of the ultrasound beam; the posterior wall 
was often obscured because of distal enhancement 
and acoustic shadowing cast by stones when present. 
Transverse measurements are subject to an error 
attributable to the ultrasound beam width. In this 
application, where the depth and echo intensity do 
not vary substantially between patients, the errors 
should be systematic for a given transducer or beam 
profile and so will not affect the reproducibility of the 
measurement, 

2. Modification in wall reflectivity such as evidence 
of an echofree layer (Lowe et al., 1980; Marchal ef 
al., 1979). 

3. Gall-bladder distension: the AP diameter was 
measured in the widest section of the body or 
fundus, considering the fluid-filled lumen only. 

4. Pain elicited by probe palpation over the gall- 
bladder area, the “echographic Murphy sign” 
(Taylor and Jacobson, 1980). 

Cholecystosonography was always completed with 
examination of the entire upper abdomen, attention 
being paid to the liver, biliary ducts, pancreas and 
right kidney; free fluid in the peritoneum was sought. 


RESULTS 
One or more of the echographic signs considered 
were present in all patients investigated. 


- 
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Wall thickness (Fig. 1). Ultrasonographic wall structure (Figs. 2, 3 and 4). 
Thickening of the wall ranging between 3 and 17 The thickened wall was generally hyperreflective 
mm, was found in 36 patients (90%). In the most with a poorly delineated outer margin. In 27 patients 


consistent group the wall measured from 5to 7 mm; (67.5%) an echofree laver was noted within the 


the mean value for all patients was 8.08 mm (Table 


|). 





Fic. 2 
Acute cholecystitis. “Transverse scan. Thickened, low 


Fic. 1 reflectivity wall with ill-defined margin. An echofree layer 
(arrows) within the wall completely surrounds the lumen 





Acute cholecystitis with cholelithiasis. ‘Transverse scan of 

the gall bladder shows il grossly thic kened wall with rela- 

tively well-defined margin and irregularly reflective struc- 

ture. Acoustic shadowing cast by stones prevents evaluation 
of the posterior wall 


TABLE I 


HISTOGRAM SHOWS NUMBER OF PATIENTS (ORDINATES) IN 
RELATION TO GALL-BLADDER WALL THICKNESS ( ABSCISSAE). 
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Acute cholecystitis. Longitudinal scan. Thick-walled gall 
IL. bladder with ill-defined outer margin. An echofree layer 
16 (arrows) 18 seen only in à portion of th« wall. 
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hyperechoic wall, which completely surrounded the 


lumen in 11 patients, and was more or less in- 


complete in the remaining 16. In four of these a 
second, incomplete echofree laver was also identi- 


fiable. 


Gall-bladder distension 

The mean value of the AP diameter was 3.72 cm 
and in 19 patients (47.5° 
than 4 cm. 


Gall-bladder content 
Thirty-three patients (82.5%, 
In two cases the lumen was completely filled with 


) had cholelithiasis. 


small diffuse echogenic material which did not cause 


acoustical shadowing and was not gravity dependent. 
This pattern is thought to represent empyema (Fig. 
5S) or gangrenous cholecy stitis ( Kane, 1980). 


Echographic Murphy sign 
This sign was always present during the 
stage of the disease, but with variable intensity. 
The echographic signs alone permitted recogni- 
tion of acute cholecystitis in 34 patients (85%): 


earl 


diagnosis was based on wall thickening, evidence of a 
lumen greater than 4 cm, 
In five patients we found 


sonolucent laver and 
along with thick walls. 





Fic. 4. 


Acute cholecystitis with cholelithiasis. Transverse scan. 
Markedly thickened wall with several echofree layers (black 
and white arrows). Obvious acoustic shadowing obscures the 


posterior wall. 


o) the lumen was larger 


cholelithiasis alone. In one patient the only detect- 
able alteration was a slightly thickened wall. 


DISCUSSION 
Acute cholecystitis is in most cases a complication 
of cholelithiasis and usually presents as an abdomi- 
nal emergency with typical clinical features and a 
long history of gall-bladder disease, though occasion- 
ally the 
gall-stones 


clinical context can be 


may be 


equivocal and 
absent, as in acalculous chole- 
cystitis. Rapid, accurate imaging of the gall bladder 
is always desirable, since 
is the most effective therapy (Dalmas et al., 
1979). 

Pathologically the gall-bladder wall is thickened 
because of oedema and inflammatory cellular infil- 
tration which may, to a variable degree, extend to 
the adjacent liver parenchyma (Marchal et al., 1978). 
Such alterations cannot be demonstrated by current 
radiological techniques (plain film abdominal radi- 
ography, 
angiography). 
pends on the presence of a stone obstructing the 
neck of the gall bladder or the cystic duct (Seltzer 
and Jones, 
bladder has been suggested as a method of evalua- 
ting the gall-bladder wall (Dalla Palma et al., 1978; 
Karp et al., 1979; Moncada et al., 1977); this pro- 
cedure is time-consuming and unpleasant for the 


early surgical intervention 
1979; 
Lennert and Siegmund, 


oral cholecystography, intravenous chol- 


Radionuclide cholescintigraphy de- 


1980). Infusion tomography of the gall 





ric. 5. 


Empyema of the gall bladder. Longitudinal scan ae a 
markedly enlarged gall bladder filled with small 


reflective material. Note the irregularly hicks yale san; 
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patient and there is evidence that it is subject to 
error (Handler, 1979). Experience with computed 
tomography with contrast enhancement, though 
limited, indicates that this technique is accurate in 
diagnosing acute cholecystitis (Solomon et al., 1979). 
Its high costs and lack of availability will, however, 
restrict its use. Ultrasonography satisfies the clinical 
need for rapid gall-bladder visualization and reliable 
detection of disease. Ultrasound permits the recog- 
nition of wall alterations, the determination of the 
size of the gall bladder and the detection of calculi. 

A hyperreflective gall-bladder wall with a thick- 
ness of more than 3 mm was found in 90°, of patients 
in our study. Thickening can also be seen in a 
normal contracted gall bladder, in chronic cholecys- 
titis, in cholelithiasis (Marchal et al., 1979; Mindell 
and Ring, 1979; Weill, 1980), in ascites (Sanders, 
1980) and in association with hypoalbuminaemia 
(Fiske et al., 1980). Our experience suggests that 
thickening in these conditions is not as marked as in 
cholecystitis and is not associated with lumen disten- 
sion. The clinical context is usually distinctive. 

The echofree within the 


presence of an area 


gall-bladder wall is thought to be characteristic of 


acute cholecystitis and related to inflammatory 





Fic. 6. 


Sonogram of the gall bladder in acute hepatitis. Transverse 
scan. Moderate thickening of the wall with thin, echofree 
layer (arrows) along the posterior margin. 
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oedema of the subserosa. This sign was evident in 


67%% of our patients with cholecystitis but we have 
also encountered it outside the study group in acute 
hepatitis (two cases) (Fig. 6), alcoholic cirrhosis 
(two cases) and in a patient with cholangitis. An 
echofree laver in the wall has been found after fatty 
meal or intravenous injection of cholecystokinin 
(Marchal et al., 1980). In our experience this sign is 
much more frequently encountered in acute inflam- 
mation than in other conditions and when associated 
with other echographic signs and/or with clinical 
symptoms may truly be considered diagnostic. 

Non-specific signs of acute cholecystitis are disten- 
sion of the gall bladder and cholelithiasis. 

The significance of gall bladder sonographic 
dimensions is controversial: a width of up to 4 cm 
is considered normal by some investigators (Weill, 
1980). This may be true when walls are normally 
thin; we feel that thick walls such as in cholecystitis 
may diminish the space occupied by the fluid content 
and therefore reduce the measurable lumen. Since a 
distended lumen may be the result of other patho- 
logical conditions or simply represent a normal 
variation, this sign is significant only when other 
echographic abnormalities are present. 

Detection of gall-stones, although non-specific, 
has great practical significance when a clinical diag- 
nosis needs confirmation and in patient management. 

In five of our six echographic negatives for acute 
cholecystitis (where specific wall signs were absent) 
ultrasound demonstrated stones as a possible cause 
of the symptoms. 

A positive Murphy sign could be recorded in 
practically all patients examined in the acute phase 
of the disease. This sign can be present in other forms 
of gall-bladder disease and in nearby inflammatory 
conditions: its intensity is subjective and quite 
variable. If the gall bladder is seen to be distorted by 
probe pressure at the time that pain is produced the 
reliability of this sign is enhanced (Finberg and 
Birnholz, 1979). 

Ultrasound can also reveal complications of acute 
cholecvstitis such as gangrenous necrosis and empy- 
ema or pericholecystic abscess formation (Bergman 
et al., 1979; 1980). 
empyema were found at surgery only two were 


Kane, Whilst seven cases of 
diagnosed ultrasonically, therefore the echographic 
demonstration of uncomplicated cholecvstitis cannot 
rule out empyema. 

Ultrasound examination is valuable, even when 
negative for gall-bladder disease; in such cases a 
general survey of the upper abdomen may show 
other cause of symptoms, e.g. pancreatitis or renal 


abscess. 
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CONCLUSION 

Ultrasound is recommended as the first investi- 
gation for patients presenting with clinically sus- 
pected acute cholecystitis; it will often be the only 
radiological investigation before surgery. 

The safeness and rapidity of ultrasound exami- 
nation play a determining role for acutely ill 
patients, when a quick decision must be taken 
regarding surgery. 

Ultrasound permits a confident diagnosis of acute 
cholecystitis, showing wall alterations due to the 
inflammatory process in the majority of cases (85° 
of our patients). 

Cholelithiasis is usually evident when associated 
and it may be the only echographic sign of the 
disease if parietal alterations are absent (12.5%, of our 
patients). Detection of gall-stones is in any case 
important to support a clinical diagnosis. 

In only one of our 40 patients with surgically 
proven acute cholecystitis was ultrasound exam- 
ination negative for gall-bladder disease. 
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ABSTRACT 

Fifteen cases of diaphyseal osteosarcomas were found in a 
review of 157 cases of long bone osteosarcoma (9.597) and 
two further examples were added. The clinical and histo- 
logical features of the diaphyseal osteosarcomas were 
indistinguishable from those of the commoner juxta meta- 
physeal osteosarcomas. The radiological features, however, 
fell into four distinct patterns: Group I had the classical 
appearance of a conventional osteosarcoma; Group II 
showed dense cortical sclerosis with bony expansion but no 
soft tissue swelling or break of the cortex at presentation: 
Group III presented with a pathological fracture through à 
purely osteolytic lesion; Group IV usually had the classical 
appearances of an osteosarcoma in the diaphysis but had, in 
addition, dense separate sclerotic lesions which were proxi- 
mal to the tumour in the humerus and distal to it in the 
femur. The importance of these four groups lies in the quite 
distinct differential diagnosis which each presents. 


The usual site for an osteosarcoma in a long bone is 
close to the metaphysis and in that site there is little 
difficulty in radiological diagnosis (Ross, 1964). 
Osteosarcoma occurs, however, in the diaphysis 
where it may cause considerable diagnostic difficulty 
which has not been previously emphasized. Seven- 
teen examples of diaphyseal osteosarcoma occurring 
in previously normal long bone have been reviewed 
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Histograms showing the distribution of osteosarcoma arising 
in the femur amongst the 157 long bone osteosarcomas from 
the Bristol Bone Tumour Registry. 


to evaluate the specific radiological, clinical and 
pathological features of these tumours. 


PATIENTS AND METHODS 

All 157 patients with long bone osteosarcoma, 
consecutively classified by the Bristol Bone Tumour 
Registry over a 26-year period, have been reviewed. 
The distance of the centre of the tumour from the 
end of the bone was expressed as a percentage of the 
length of the bone involved. Tumours occurring in 
the middle 40°, of the bone length were classified as 
diaphyseal (Fig. 1) and were reviewed in detail. Two 
further cases were added from the Robert Jones and 
Agnes Hunt Orthopaedic Hospital, Oswestry. 


RESULTS 
The location of the tumours in the 157 cases from 
the Bristol Bone Tumour Registry conformed with 
the recognized pattern and were commonest in the 
distal femur, followed by the proximal tibia and then 
the proximal humerus (Fig. 2). There were 15 cases 
of diaphyseal osteosarcoma (9.595). There was no 
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Fic. 2. 
Diagram showing the number of long bone sarcomas occur- 
ring in each site. 157 Bristol Bone Tumour Registry cases and 
two diaphyseal lesions from Oswestry. 
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difference in the age or sex incidence of diaphyseal 
and juxta metaphyseal osteosarcoma (Fig. 3). 

Of the 15 patients from the Bristol Bone ‘Tumour 
Registry and the two additional patients, ten lesions 
occurred in the femur (7 females/3 males) with an 
age range of nine to 7] years, mean of 21.4 years. Six 
lesions occurred in the humerus (two females/four 
males) with an age range of 15 to 59 years, mean 28.3 
years. One lesion occurred in the ulna of a 16-year- 
old girl. 

The histological findings in the diaphyseal group 
did not differ from those of conventional osteo- 
sarcomas, being of a mixed pattern with a pre- 
dominantly osteoblastic, chondroblastic, fibroblastic 
or anaplastic character. The five-year survival rate of 
the diaphyseal osteosarcomas was 239%, similar to 
that of all osteosarcomas (Lee, 1975). 

All patients presented with pain and swelling, the 
longest history of symptoms being two vears, the 
shortest being only five weeks. In three cases the 
presenting feature was a spontaneous fracture. 


RADIOLOGICAL FEATURES 
The presenting radiological appearances of dia- 
physeal osteosarcomas had four distinct patterns. 
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‘The age and sex distribution of all long bone osteosarcomas 
and diaphyseal osteosarcomas from 157 cases from the Bristol 


Bone Tumour Registry and two diaphyseal osteosarcomas 
trom Oswestry. 
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Group I (Typical osteosarcoma) 

The tumours in this group showed mixed osteo- 
sclerosis and osteolysis, with elevation of the peri- 
osteum forming Codman’s triangles. The cortex was 
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Fic. 4. Type I. 
Diaphyseal osteosarcoma of the femur. Extensive areas of 
bone destruction and sclerosis are shown with well-marked 
Codman's triangles, tumour bone formation and a soft 
tissue mass. 
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osteosarcoma bone destruction or 


pel iosteal reaction. 


(B) The Sarme le sion two years later following St veral boni biopsies duri 


{7 whi h the tip of the b1ODSs^ drill was broken. 
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(c) Two years later there is now extensive bone destruction and bone production, extending into the soft tissues with cortical 


destructior 


breached with surrounding well-defined soft-tissue at five and ten vears from presentation. Anothei 


swelling (Fig. 4). An arteriogram of a lesion in the patient is of recent presentation 


Three have died 


ulna revealed typical arterial abnormalities with after six months, two years and five vears with 


tumour blush and early venous drainage (Voegeli 
and Fuchs, 1976). 


There were six cases in this group, five females and 


pulmonar netastases. 


Group IT ( [typical sclerotic) 
one male, with an age range of 12 to 61 years, mean The radiological features were those of a dense 


ot 22.8 VCATS. Three of the lesions were ITI the femur, sclerotic lesion expanding the bone with little or no 


two in the humerus and one in the ulna. Of the six 


patients, two remain alive and apparently disease free 


separate periosteal reaction (Fig. 54). All lesions were 


situated in the femoral diaphysis. There were three 
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Fic. 6. Type IIL. 


Diaphyseal osteosarcoma at presentation. There is an ill- 

defined purely osteolytic lesion in the mid-shaft of the 

humerus with a pathological fracture. There is no sclerosis 
or periosteal new bone formation. 


cases in this group, two females and one male, with 
an age range of 11 to 19 years, mean of 15.3 years. 
All have died: one, two and seven years from presen- 
tation, giving a mean survival of 3.3 years. 

In one patient the lesion remained radiologically 
unchanged for a period of two years, during which 
two inconclusive biopsies were performed. At one 
biopsy the lesion was so hard that it broke the tip of 


the biopsy drill (Fig. 58). A third biopsy two years 
later showed the lesion to be an osteosarcoma and at 
this stage the radiological appearances had changed 
with breaching of the cortex and soft tissue extension 
of the tumour (Fig. 5c). The patient remained 
disease free for five years after amputation but died 


with pulmonary metastases in the sixth year. 


Group IIl (Atypical destructive) 

These presented with pathological fractures 
through purely osteolytic, ill-defined lesions. There 
was no bone expansion, evidence of periosteal new 
bone, sclerotic reaction or soft tissue extension of the 
tumour (Fig. 6). There were three cases, one female 
and two males, with an age range of nine to 59 years, 
mean of 37.3 years. Two of the tumours involved the 
humerus and one the femur. Two cases have died at 
two and four years from presentation; one case is of 


only recent presentation. 


Group IV (Diaphyseal osteosarcoma with remote 
intraosseous sclerotic lesions) 

There were five cases in this group, three males 
and two females, with an age range of 16 to 29 years, 
mean 21 years. Three of the primary tumours were 
in the femur and two in the humerus. 

All the primary lesions showed both bone pro- 
duction and bone destruction, In four there was 
periosteal elevation with Codman's triangles and 
soft tissue extension of the tumour, with sunray 
spiculation in three. One case demonstrated neither 
periosteal reaction nor soft tissue extension of the 
tumour but had a discrete cortical fracture through 
the lateral aspect of the diaphyseal tumour (Fig. 7). 
Multiple, dense, well-defined sclerotic lesions were 
seen at presentation in all, and in four were separated 
from the main diaphyseal lesion by radiologically 
normal bone (Fig. 8). The sclerotic lesions were 
larger, denser and better-defined the further they 
were situated from the diaphyseal lesion. ‘The lesions 
were proximal to the primary lesion in the humerus 
and distal to the primary lesion in the femur. In two 
cases the largest, most dense and best defined lesion 
was situated in the epiphysis. 

Arteriography in one (Haworth et al., 1979) 
demonstrated a very vascular tumour in the mid 
shaft of the humerus with a pathological circulation 
and a tumour blush. There was minimal hyper- 
vascularity in the region of the dense sclerotic 
lesions. A Tem methylene diphosphonate scan 
showed some increased uptake in the region of the 
diaphyseal lesion but marked uptake in the region of 
the sclerotic lesions. ‘There was also some increased 
uptake in the intervening shaft. Histologically the 
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Diaphyseal osteosarcoma of the humerus. Localized fracture 

of the mid-shaft with a discrete area of bone destruction, and 

extensive surrounding medullary NO periosteal 

reaction or soft tissue mass. ‘There are se eral dense rounded 

sclerotic opacities extending proximally in the medullary 

cavity each with a narrow zone of surrounding translucency. 
The most proximal lesions are the largest. 


"t lerosis. 


entire humeral shaft was involved by the tumour. 
The area corresponding to the diaphyseal lesion was 
mainly necrotic and the sclerotic lesions contained 
the most active osteosarcoma. 

Four patients have died with pulmonary meta- 
stases at three, seven, 12 and 15 months from presen- 
tation. One is alive at 42 months with probable but 
unconfirmed pulmonary metastases. 


DISCUSSION 

The success currently being achieved by advances 
in chemotherapy in the management of osteosarcoma 
has greatly increased the importance of early diagno- 
sis. Such a diagnosis is traditionally established by 
the histopathological appearances and more recently 
also by cytological and histochemical means. ‘The 
interpretation of the microscopic findings demands 
close correlation with the radiological features. ‘The 
radiologist must, therefore, ensure that a full radio- 
logical assessment is made available to the histologist. 
The essential prerequisite to this assessment is the 
correct interpretation of the initial plain films. 

Each of the four groups of plain film appearances 
of diaphyseal osteosarcoma presents separate prob- 
lems in diagnosis or management. 

The lesions in Group I exhibit typical radio- 
logical features of an osteosarcoma (Ross, 1964; 
Dahlin and Coventry, 1967; Dahlin, 1978) but their 
atypical site may deter the correct interpretation and 
encourage the diagnosis of a malignant round cell 
tumour. 

The dense expansile lesions in Group II provide a 
difficult 
there is no immediate impression of malignancy. The 


particularly diagnostic problem because 
benign appearance undoubtedly delayed the diag- 
nosis in all cases and may have adversely affected the 
ultimate prognosis. The initial radiographic differ- 
ential diagnosis may include chronic osteomyelitis, 
previous trauma, or a benign osteoblastic tumour. It 
is possible that these osteosarcomas arose in pre- 
existing benign lesions, and the initial slow evolution 
(Fig. 54-c) supports this concept. However no histo- 
pathological evidence of such a lesion could be 
detected in any case. 

In Group III, with purely osteolytic lesions pre- 
senting with a pathological fracture, the presence of 
a malignant lesion was correctly inferred in all cases. 
‘The exact diagnosis was unclear however and differ- 
ential diagnosis of this variety included metastasis, 
fibrosarcoma, and reticulum cell sarcoma. 

The Group IV lesions, presenting with separate 
dense sclerotic opacities, have a different importance. 
In most the mid-shaft lesion has the typical radio- 
features of an that the 


logical osteosarcoma, so 
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diagnosis should not be in doubt. The separate dense 
sclerotic lesions have a unique appearance and 
distribution and once their association with osteo- 
sarcoma 1s appreciated they should be readily 
recognized. Angiographically the lesion is most 
abnormal in the osteolytic diaphyseal component 
whereas scintigraphy shows most uptake in the 
sclerotic lesions of the metaphysis and epiphysis 
(Haworth et al., 1979). Biopsy in the most angio- 
graphically abnormal site will 
material to 


malignancy 


provide suitable 
make an unequivocal 


(Viamonte et al., 1973). However, 


material from the sites with the highest uptake of 


radionuclide, corresponding to the sclerotic medul- 
lary component, may offer the most tumour specific 
histopathology. 


diagnosis of 


It is of interest to note that the location of the 
dense sclerotic lesions corresponds to the com- 
monest sites of primary osteosarcomas in both the 
humerus and the femur. The sclerotic lesions are 
also larger and more dense in the region of the 
proximal humerus and the distal femur where 
inherent bone turnover is at its greatest. An as vet 
undefined local factor may provide a stimulus for the 
rapid evolution of osteosarcoma cells. Although 
these lesions are macroscopically discrete, histo- 
logically the intervening medulla is replaced by 
tumour, and the sarcomatous involvement is much 
more extensive than may be at first suggested. 

Once the four presenting patterns of diaphyseal 
osteosarcoma have been appreciated it is possible 


to suspect the diagnosis from the initial plain 
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Diaphyseal osteosarcoma of the femur with several dense sclerotic opacities extending 
distally in the medulla. 
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radiographs. This should lead to an urgent full 
radiological assessment including local tailored views, 
simple and computed tomography, chest films, 
skeletal scintigraphy and angiography followed by 
adequate biopsy. The accurate diagnosis and staging 
of the tumour thus established will facilitate 
immediate appropriate therapy. 
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Bone Metastases. Ed. by L. Weiss and H. A. Gilbert, pp. 
xxiv 4-512, 1981 (G. K. Hall, Boston, Mass.), $55.00 (+ 15 
outside USA). 

ISBN 0-8161—2129-—X 

This is the fourth volume of a Monograph Series on the 
subject of metastases. Previous works covered pulmonary, 
brain and lymphatic deposits and a fifth on liver metastases 
is in preparation. 

"Bone Metastases" is an important publication bringing 
together the facts and theories associated with the metastatic 
processes involved in the development of deposits in bone. 
The first part ranges from the concept of cell shedding bv 
tumours based on the physical and biochemical processes 
involved, through the various pathways of anatomical spread, 
to the mechanisms involved in bone destruction by tumour 
cells. It also covers the consequences of metastatic disease in 
bone, in terms of the biochemical upset and related sympto- 
matology for the host. There is also a particularly interesting 
chapter on the resistance of cartilage to invasion by tumour. 
The second part covers the methods of diagnosis of meta- 
static bone disease, commencing with pathology. There are 
valuable data from post-mortem statistics of the incidence of 
metastatic disease in various parts of the skeleton as well as 
the behaviour of primary tumours spreading to bone. 
Consideration is given to the relative merits of biopsy, large- 
bone needling and fine needle aspiration for cytology. This 
section is well illustrated by black and white photo- 
micrographs which are well produced. 

There is an excellent radiological section not only indi- 
cating the methods available to help establish the diagnosis 
but also relating the likelihood of each diagnosis to sex, age, 
site and appearances. This section is illustrated very fully 
with an excellent series of radiographs well reproduced. 
There follows a chapter on radionuclide scanning and views 
are expressed on the value of computed tomography, again 
with a number of illustrations. 

The management of the patient with metastatic disease in 
bone is covered from the viewpoint of orthopaedic surgery, 
rehabilitation, control of pain and the possible roles played 
by prostaglandins. There is also a large section on the 
chemotherapy of patients with metastases, This starts with a 
detailed account of pharmacokinetics and distribution 
studies of adriamycin, through to the results of the use of 
single and multiple agents used in attempts to control bone 


H 


metastases from various cancers. There is a particularly use- 
ful account of the place of hormone therapy in the manage- 
mentof bone metastases, supported by tables of the results of 
many clinical trials. Finally, as radiation therapy plays such 
an important role in the management of these patients, there 
is a large section devoted to this aspect. It covers not only 
localized radiations but the more recent concept of wide- 
field therapy together with results and associated side 
effects. For localized treatments the results of various 
dosages and fractionation schemes are presented. This 
section concludes with an account of the tolerance of bone to 
radiation. 
The whole work is well indexed by subject and author and 
is an important contribution to medicine. 
BRENDAN HALE. 


Cahiers de Radiologie. 2. Le cráne. By D. Doyon and J. P. 
Monnier, pp. 80-- iv, 1981 (Masson, Paris). 
ISBN 2-225-68090—6 

This is the second in a projected series of ten pictorial 
volumes designed to complement standard French radio- 
logical textbooks. Text is reduced to a minimum, the 80 
pages being devoted almost entirelv to reasonably high- 
quality images of skull radiographs, CT, angiography, etc. ; 
although the title suggests that the skull is the only subject 
of the book, its contents are also considered. 

It would be easy to find fault with this slim volume, in 
terms particularly of omission of important diseases, un- 
balanced emphasis and incorrect criteria for assessing 
correct radiographic positioning. I personally do not like the 
fold-out numerical key sheet at the end, emulating, I pre- 
sume, George du Boulay's book on the skull (which makes 
the latter's omission from the bibliography doubly 
curious), only here applicable to virtually all the figures. 
Having said that, one's more forceful impression is that this 
is a rather useful and well produced survey of a field of 
radiological expertise which, in the C'T era, is in great 
danger of being neglected. 

The size of the book has been kept to a minimum “‘to 
render it accessible to students". Although the verbal 
content is simple enough for most anglophones, its price 
here may well render it somewhat less accessible. 

T. MOSELEY. 
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ABSTRACT 

A consecutive series of 44 patients with proven lepto- 
spirosis was studied to document the radiographic pulmon- 
ary abnormalities, assess their prevalence, correlate them 
with the clinical signs and symptoms and determine their 
prognostic significance. Abnormalities were found in ten 
patients (2394), this prevalence being less than previously 
noted. The abnormalities shown were non-segmental opaci- 
fication (consolidation—eight cases), basal linear opacities 
(collapse—five cases) and pleural effusions (four cases). The 
first radiographic demonstration of a large pleural effusion in 
leptospirosis is recorded. Non-jaundiced patients had a 
higher prevalence (4395) of these abnormalities than jaun- 
diced (1395). No other correlation with clinical signs or 
symptoms was found. The presence of these abnormalities 
had no prognostic significance. 

It is concluded that the presence of radiographic pul- 
monary abnormality in in-patients with leptospirosis is 
common. These abnormalities are non-specific and can 
mimic other diseases leading to diagnostic difficulty. Such 
abnormalities may be extensive in the absence of clinical 
signs and symptoms. 


Leptospirosis is a disease caused by spirochaetes 
of the genus Leptospira. It has a world-wide distri- 
bution (Cruickshank et al., 1976; Spink, 1978) and is 
common in the tropics and in the developing coun- 
tries. The clinical picture varies from mild consti- 
tutional upset to classical Weil's disease with fever, 
jaundice, haemorrhagic episodes, aseptic meningitis, 
hepatitis and nephritis. There are numerous sero- 
types but no specific clinical syndrome has been 
attributed to any of them. 

Pulmonary involvement occurs and takes the form 
of haemorrhagic pneumonitis and, rarely, frank 
pulmonary haemorrhage (Burke et al., 1976; Ch'iu 
and Liu, 1959; Havens et al., 1941; Moeschlin, 1943). 
Few descriptions of the radiographic appearances 
of these lesions have appeared in the English 
literature (Nery et al., 1977; Poh and Soh, 1970; 
Silverstein, 1953; Wang et al., 1965). The discovery 
of extensive radiographic pulmonary abnormality in 
a patient with leptospirosis may present a difficult 
diagnostic problem. The prognostic significance of 
these abnormalities is not clear although some studies 
have suggested that their extent is proportional to 
the clinical severity of the disease (Wang et al., 1965). 





Present addresses: R. E. J. Lee: Department of Radiology, 
Royal Victoria Infirmary, Queen Victoria Road, Newcastle 
upon Tyne NEI 4LP; T. M. Walker: Department of 
Radiologv, Royal Berkshire Hospital, London Road, 
Reading, Berks. 


Conflicting evidence also exists about the prevalence 
of these findings with reports of 40% (Research 
Laboratory of the Sino-Soviet Friendship Hospital, 
1959), 33% (Nery et al., 1977) and 67%% (Wang et al., 
1965). The prevalence of pulmonary radiographic 
abnormalities in jaundiced patients has been found 
to be twice that in the non-jaundiced (Research 
Laboratory of the Sino-Soviet Friendship Hospital, 
1959), but Wang et al. (1965) found a high prevalence 
(6794) in non-jaundiced patients. 

A consecutive series of patients with proven 
leptospirosis was studied to document the radio- 
graphic pulmonary abnormalities, assess their pre- 
valence, correlate them with the clinical signs and 
symptoms and determine their prognostic signifi- 
cance. 


MATERIALS AND METHODS 

All patients with leptospirosis treated at the 
University Hospital of the West Indies between 
January 1972 and December 1978 were reviewed. 
Ten patients with abnormal chest films were found 
in a total of 44 patients with chest films taken during 
the acute phase of their disease. (Table I). A further 
seven patients with abnormal chest films were 
excluded because they were suffering from co- 
existing diseases which produce chest film abnor- 
malities—klebsiella (2) and pneumococcal pneumon- 
ia (1), staphylococcal lung abcess (1), recent thoraco- 
tomy (1) and acute renal failure (2). A further 61 
patients with leptospirosis were seen during this 
period but were not X-rayed. 

The diagnostic criteria for leptospirosis were: 
(a) identification of leptospiral spirochaetes on dark- 
ground microscopy; or (b) an agglutination titre of 


TABLE I 
GENERAL DETAILS OF PATIENTS 
 nccmdp a EM CE MEME (aA, (a ce MU SSMO een 





Age in years 










Chest radiograph | Male | Female range and mean 
Abnormal 7 3 3-68 (49) 

| Normal 27 7 5-81 (39) 

| Total 34 0 3-81 (41) 
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1:100 or greater and/or a four-fold change in titre in 
successive studies. 

Two patients were diagnosed on microscopv alone. 
The others had the following serotypes: L. ictero- 
haemorrhagiae (three cases), L. jules (four cases), and 
L. canicola (one case). Those with normal films 
showed the same serotypes but with L. abramis, L. 
patoc and L. pomona in addition. 


RESULTS 
The commonest abnormality (Table II) was non- 
segmental pulmonary opacification (eight cases). 
This was associated with no change in volume, and 
had poorly defined margins with a tendency for 
smaller lesions to become confluent. Two patients 
had extensive opacification (Fig. 1) involving the 


TABLE II 


RADIOGRAPHIC ABNORMALITIES 








, -— 


| Radiographic abnormality No. of patients 


Extensive confluent opacification 2 
| Poorly-defined opacities 6 
| Linear opacities 5 
| Pleural shadows 4 
Cardiomegaly | 














Fic. 1. 


Extensive confluent opacification (consolidation) of both 
lower lobes and left upper lobe. (From Cockshott and 
Middlemiss, Clinical Radiology in the Tropics, 1979) 


right lower lobe in one and both lower lobes and the 
left upper lobe in the other. The other patients 
showed smaller, irregularly shaped opacities which 
were only seen in the lower zones and involved less 
than a quarter of the lung field. These smaller lesions 
varied in opacity from a very slight loss in trans- 
lucency to a soft-tissue density (Fig. 2). Complete 
resolution of these 


opacities was shown in seven 








H 
hic, 2. 


(4) Poorly-defined opacification (consolidation) at both bases. 
Safety-pin artefact in left lower zone. 


(B) Poorly-defined opacification (consolidation) in left 
lower zone. Much softer density opacities than in Fig. 2A. 
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patients within 23 days. In one patient with extensive 
disease partial resolution was seen at seven days. 
Two patients at follow-up had basal linear opacities 
at the site of the previous non-segmental opacities. 
Linear opacities extending laterally and upwards 
from the cardiac borders were seen in five patients 


Fic. 3. 


(A) Linear opacities extending laterally from both cardiac 
borders. ‘These represent areas of subsegmental collapse. 


(n) Small area of subsegmental collapse in lateral costo- 
phrenic recess. 
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(Fig. 3). They were 3-4 mm thick and 7-9 cm long. 
The upper and lower borders were irregular with 
short linear extensions into the surrounding lung. 
Narrower, shorter, linear opacities were seen in the 
lateral costophrenic recesses of one patient. Only two 
patients had bilateral disease. Complete resolution 
was seen in two patients at 14 and 35 davs respect- 
ively. 

Pleural effusions were seen in four patients (9%). 
These were bilateral in only one patient. A large 
effusion was found in one patient (Fig. 4). Small 
effusions were seen in one patient in association 
with extensive non-segmental opacification, and one 
patient had an effusion as his sole radiographic 
abnormality. Three patients had follow-up films 
which showed complete resolution in one, partial 
resolution (at 12 days) in the one with the largest 
effusion and no change in the other. 

Six patients showed no cardiac abnormality. Two 
had radiological evidence of left ventricular enlarge- 
ment and two others of biventricular enlargement. 
Their cardio-thoracic ratios (CTR) were between 
0.52 and 0.55. However, an upper limit of normal 
for the CTR of 0.50 has been shown to be low for 
Jamaicans of African origin (Ashcroft and Miall, 
1969). Using the tables of Ashcroft and Miall (1969) 
only one of these patients was considered to have 
cardiomegaly. 

No evidence of bony, lymph-node or other soft- 
tissue abnormality was demonstrated in any patient, 





Fic. 4. 


Large right pleural effusion shown extending into the 
horizontal fissure and reaching the lung apex. 
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TABLE Il 
CLINICAL FEATURES OF THOSE PATIENTS RADIOGRAPHED 





Chest radiograph 
Symptoms signs Abnor mali (1 a Nor mal (34) 

V omuting 6 9 
Fever 6 22 
Body pains 4 24 
Diarrhoea 4 3 
Jaundice 4 26 

| Abnormal chest on | 
examination 4 8 

| Cough 3 | 7 
Lymphadenopathy 2 6 

| Headache | | 8 

| | 


The overall prevalence of abnormal chest films 
was 23%. Jaundiced patients had a prevalence 
of chest film abnormality of 1375 whereas non- 
jaundiced patients had a prevalence of 43°,. Other 
symptoms and signs showed no correlation with the 
presence or absence of chest film abnormality (Table 
III). Four patients with abnormal films had corre- 
sponding signs on clinical examination. Eight of the 
patients with normal films also had abnormal 
clinical signs. However, there was no difference in 
the prevalence of abnormal physical examination of 
the chest between the two groups. 

All patients made complete recoveries. ‘Those with 
the most extensive radiographic abnormalities took 
longer to recover from their illness. All had recovered 
within eight weeks from the onset of illness. 


DISCUSSION 

The patterns of opacity documented here have 
been described previously under a variety of titles 
including ‘‘snow-flake-like small patchy lesions” and 
"confluent massive areas of consolidation" (Wang et 

1965), "soft, cloudy shadows" and "broncho- 
pneumonic infiltrations” (Ch'iu and Liu, 1959), 
"localized, patchy cloudings of different sizes” 
(Research Laboratory of the Sino-Soviet Friendship 
Hospital, 1959), and “small, patchy, localized 
infiltrations" and "confluent, larger (even massive) 
areas of consolidation" (Silverstein, 1953). Miliary 
opacities have been described in one patient by 
Petričević and Tomljenović (1980). 

The non-segmental opacities are due to consoli- 
dation, but rather than representing bacterial pneu- 
monia this is probably a haemorrhagic pneumonitis 
(Ch'iu and Liu, 1959; Havens et al., 1941; Moe- 
schlin, 1943; Silvetsteum. 1953; Wang et al., 1965). 
The predominantly unilateral distribution of these 


abnormalities makes fluid overload a less likely cause. 

The linear opacities were identical to the areas of 
collapse described by Fleischner (1936) which are 
commonly seen in patients whose lung bases are 
poorly ventilated. In one patient there was an ipsi- 
lateral diaphragmatic elevation which resolved when 
the pulmonary lesion disappeared, favouring col- 
lapse as the cause. Barrett-Connor et al. (1970) 
describe a patient with ‘‘wedge-atelectasis” which 
may have been a similar lesion. 

Three patients with pleural effusions have been 
described (Barrett- Connor et al., 1970; Feigin et al., 
1973; Heath et al., 1965) the largest being estimated 
to be 300 ml. None of our, or previously described, 
patients underwent pleurocentesis and thus the 
nature of the fluid is not known. It is likely that focal 
haemorrhages, as seen elsewhere in the body, arise 
in the pleura producing a secondary effusion. 

It was felt that the cardiomegaly seen in one 
patient was not related to leptospirosis as this per- 
sisted several months after his leptospirosis had 
completely resolved. The more usual causes of 
cardiomegaly in this disorder include fluid overload, 
myocarditis and pericardial effusion and the heart 
becomes normal with recovery. 

The prevalence of chest film abnormality in this 
series was less than half that previously reported. 
Earlier studies have been mainly in China (Ch'iu and 
Liu, 1959; Research Laboratory of the Sino-Soviet 
Friendship Hospital, 1959; Wang et al., 1965) and in 
one was of epidemic victims (Wang et al., 1965). 
This selection of patients and the natural variation of 
the disease would account for at least some of the 
differing results. Our non-jaundiced patients had a 
prevalence over three times higher than that of the 
jaundiced ones, contrasting with the findings of the 
(pue Laboratory of the Sino-Soviet Friendship 
Hospital (1959) in their series of endemic cases. 
Wang et al. (1965) found a high prevalence (6795) in 
non-jaundiced patients but their study did not 
include any jaundiced patients. Thus the results 
published so far confirm that radiographic chest 
abnormalities are common in both groups and the 
presence or absence of jaundice is not related to 
radiological pulmonary involvement. 

The most severely ill patients in our series had 
coughs but these were not a major component of 
their total clinical picture and did not always 
correlate with abnormal radiographs. Nery et al., 
(1977) and Wang et al. (1965) also found patients 
with abnormal chest films and little or no relevant 
symptomatologv, confirming that the clinical picture 
has no certain predictive value with regard to radio- 
graphic abnormality. 
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Most of our patients gave a history of one to two 
weeks’ illness prior to presentation and no acute 
onset was recorded. The epidemic patients of Wang 
et al, had acute onsets resulting in early hospital 
presentation. These patients had abnormal radio- 
graphs as early as 24—72 h after onset of illness. They 
also showed rapid resolution occurring within 3-15 
days. Ch'iu and Liu (1959), Poh and Soh (1970) and 
Silverstein (1953) all describe patients with rapid 
resolution in a few days. This is in contrast to our 
findings of a slower rate of resolution which has only 
been seen before in a "few cases" (Wang et al., 1965). 
No series has yet reported any long-term abnormali- 
ties. 

The presence of radiographic pulmonary abnor- 
malities did not allow us to make any predictions 
about the future clinical course in our patients. 

Our results and those of others (Ch'iu and Liu, 
1959; Poh and Soh, 1970; Research Laboratory of 
the Sino-Soviet Friendship Hospital, 1959; Wang 
et al, 1965), confirm that radiographic pulmonary 
abnormality is common in in-patients with lepto- 
spirosis. These abnormalities are not specific and 
may mimic other common diseases such as pneu- 
monia, tuberculosis and pulmonary emboli. The 
abnormalities can be extensive in the absence of 
physical signs and may be discovered unexpectedly, 
although those most severely affected usually have 
respiratory symptoms. No prognostic value can be 
ascribed to these abnormalities although some 
patients have died from severe pulmonary involve- 
ment. In our experience even extensively affected 
patients recover completely. 
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ABSTRACT 

A clinical trial was designed to compare the amount of 
useful diagnostic information obtained from the ten-minute 
(24 x 30 cm) film of an IVU when using either indirect (100 
mm) or conventional radiography. The films for 50 patients 
were independently examined by ten radiologists. Eight ob- 
servers considered conventional radiography to be signifi- 
cantly better than indirect (100 mm) radiography, P < 0.05, 
and two observers considered that there was no significant 
difference. Possible applications of indirect radiography are 
briefly deseribed. 


Two coincident developments in the design of radio- 
graphic equipment have made possible a method of 
recording the radiographic image which produces a 
significant reduction of dose and costs of materials 
(i) the production of high-resolution tubes and 
(ii) the availability of 100 mm cameras. In the 
United Kingdom to date there has not been an trial 
of 100 mm indirect radiography of an examination 
such as the intravenous urogram (IVU), whereas 
this technique has been extensively used for record- 
ing fluoroscopic procedures. 


MATERIALS AND METHODS 

[n order to obtain a valid comparison of the large 
and small films (Fig. 1), an additional radiograph had 
to be taken. For this reason all the patients were over 
40 vears of age and the majority were over 60 years. 
'The additional radiation dose received from the 100 
mm indirect radiographic investigation depends 
upon the radiographic exposure, which is related to 
the size of the patient. We found by thermolumi- 
nescence dosimetry that the skin dose did not exceed 
7 mGy (700 mrad). 


Equipment 

The small films were made utilizing (1) a caesium 
iodide high-resolution intensifier placed beneath a 
Koordinate Kombi radiography table, (11) a standard 
Siemens Sircam 100/2 film camera, and (iii) a 
ceiling-suspended Biangulix X-ray tube with 0.6 
mm/1.2 mm focal spot. The intensifier was mounted 
on fixed floor tracks so that it could be accurately 





Based on a talk at a BIR meeting, “Radiographic systems 
what is best?"", held on March 18, 1951. 


positioned in precisely the location of the standard 
pedestal Bucky, which was also modified to run on 
the same floor tracks. Thus, the centering of the 
large and small films was identical. A copy of each 
ten-minute standard (24 30 cm) film was made and 
kept with the patient's IVU series. The original 
large film and the 100 mm film were retained for the 
trial. For the large film, the standard radiographic 
technique currently in use in the department was 
employed. No special procedures were adopted. For 
larger patients, the 24 x 30 cm films were made with 


b 





Examples of intravenous urograms on large film (A) and 
small film (B). 
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rare-earth screens, while standard screens were used 
with the remainder. 

The same kV, tube-film distance, field size and 
centering were used for both 100 mm and large films. 
The mAs for the small film was automatically regu- 
lated by a phototimer at the intensifier output phos- 
phor. The ten-minute IVU film was selected for the 
comparison of techniques so that the 100 mm radio- 
graph in no way interfered with the routine examin- 
ation. ‘The standard film was always made first. By 
using the same field size for the small film we ex- 
posed slightly more of the patient than was strictly 
necessary, but we considered this desirable so that 
the absorbed dose for the two techniques could be 
compared. If we had used a 23 cm diameter field a 
further slight reduction in dose might have been 
possible. Finally, some measurements were made by 
thermoluminescence dosimetry to confirm that the 
dose received by the patient is reduced when 100 
mm indirect radiography is used, as suggested by the 
literature (Berridge and Haybittle, 1975; Rauten- 
burg, 1975; Schuster and Heinrich, 1974; Wohl and 
Koehler, 1965). 


Design of trial 

The films were read by ten different radiologists 
to whom the films were presented in random order 
so that the readers could not make a direct compari- 
son between a large film and a small film for an in- 
dividual patient. The trial was therefore organized to 
eliminate the possibility of bias on the part of a 
reader. The small films were assessed using a magni- 
fying lens. The trial co-ordinator (E. M.R.), although 
a radiologist, did not act as a film reader. Five 
features were used for assessment in each of the 





Pic. 2, 


The five features used to assess the resolution of intravenous 
urogram images. A, trabecular pattern of vertebral bodies ; 


B, definition of transverse process of L3. C, definition of 


12th ribs; D, definition of right renal outline; E, definition 
of calyces, 


100 films, and these are shown schematically in Fig. 2. 
Each feature was assessed as either visible or in- 
visible and correspondingly scored either as one or 
zero. The maximum possible total score accorded to 
any film by an individual reader was therefore five, 
and the minimum possible total score per film was 


4 LARGE FILM PREFERRED 


10 


3 





P 


2 


EFERRED 


=O 


4 ] SMALL FIL 


FREQUENCY OF ASSESSMENT PREFERENCE FOR A FILM PAIR 






10 





7 | 
| " "A 
A B C D G H J K 
FILM READER 
Fic. 3. 
Diagram showing reader performance for 50 film pairs and 


ten readers in terms of individual preferences for each 
reader, 
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zero, The results were analysed using the Wilcoxon 
matched pairs signed ranks test (Siegel, 1956) for 
each of the ten readers. 


RESULTS 

The performance of the ten readers for the 50 
pairs of films is shown in Fig. 3 where the histogram 
blocks show the preference frequency of the in- 
dividual readers A-K. This diagram represents a 
total of 500 assessments of pairs of films and indicates 
that in 37.8%, (189/500) there was a preference for 
the large film, in 9.0% (45/500) there was a prefer- 
ence for the small film, and in 53.2°% (266/500) there 
were tied scores for the large and small films. 

When the Wilcoxon test was applied to the data 
summarized in Fig. 3, it was found that two readers 
(J and K) considered that there was no significant 
difference between large and small films, P> 0.05; 
seven readers considered the difference to be sig- 
nificant in favour of the large film, P « 0.01; and one 
reader (F) considered the difference to be significant 
in favour of the large film, 0.02 « P « 0.01. 

There were 2500 individual feature assessments 
for each type of film (50 films x 10 readers per film 7 
five assessment features per film). Of these, 10.1% 
(253/2500) were scored as invisible in the large films 
and 17.794 (443/2500) were scored as invisible in the 
small hime. The distribution of these zero scores 
among the different assessment features is given in 


Table I. 


DISCUSSION 

The trial was undertaken because there are three 
reasons why it is highly desirable to undertake 
standard radiographic procedures using small films. 
These are (i) the reduction in dose to the patient, 
(ii) the reduction in the cost of the film and chemi- 
cals, and (iii) the conservation of silver stocks. 
Thermoluminescence dosimetry confirmed the re- 
sults of previous reported work in that, dependent 
upon radiographic exposure, the dose reduction fac- 
tor achieved using small films is in the range two to 
six for rare-earth screens and six to 12 for standard 
screens. The cost reduction factor for film is of the 
order of five. Since it appears that the world stocks of 
silver are likely to be exhausted within some 30 years, 
conservation must be taken seriously. However, from 
the results presented it has not been demonstrated 
that for intravenous urography the use of 100 mm in- 
direct radiographs provides, in terms of image reso- 
lution, an acceptable alternative to conventional 
large film radiographs. 

For the small film the trabecular pattern of the 
vertebral bodies was the least distinguishable feature 


TABLE I 
DISTRIBUTION OF ZERO SCORES FOR LARGE AND SMALL FILMS 


p 





Number of zero scores 
(feature assessed as 
invisible) 


Assessment feature 
(notation in Fig. 2 given in 








brackets Small film | Large film 

Trabecular pattern of 

vertebral bodies (A) 134 54 
Definition of right renal 

outline (D) 106 60 
Definition of transverse 

process of L,3 (B) 77 48 
Definition of calyces (E) 71 62 
Besninon of 12th ribs (C) 53 29 





(Table I). Only in the case of the definition of the 
calyces was the difficulty in assessing the large film 
similar to the difficulty encountered with the small 
film. 

The smaller circular format of the image in the 
100 mm film resulting from the 23 cm diameter of 
the intensifier imposes a distinct limitation on the 
value of the small film in intravenous urography. In 
this series, one or other kidney was normally incom- 
pletely shown in the 100 mm film. Thus, if this in- 
direct radiographic technique were to be used ex- 
clusively with a 23 cm intensifier, there would have to 
be a significant modification of the standard IVU 
techniques used in most departments. The use of a 
33.5 cm intensifier might overcome some of these 
problems but we suspect that unless the resolution of 
the intensifier can be greatly improved, small abnor- 
malities such as nephrocalcinosis could be over- 
looked if 100 mm films are used alone. 


CONCLUSIONS 

Whilst indirect 100 mm radiography does not 
provide a suitable alternative to conventional radi- 
ography for all intravenous urography, we believe that 
the technique may have a useful role in certain 
special circumstances. These might include monitor- 
ing renal function following removal of an obstruc- 
tion, checking the position of a kidney before renal 
biopsy, and confirming the position of a drainage 
tube or catheter. There may also be a place for the 
technique at least as a part-replacement of standard 
films when examining children, since the small size 
of the intensifier will not be such a disadvantage in 
these circumstances. 
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Book review 


E 
ISBN 0-8089-1296—8 

Following a sustained period of relative famine, there is now 
a veritable glut of textbooks of radiology of the urinary 
tract, some including the genital tract and others the 
suprarenals. This harvest of books has paralleled the pro- 
liferation of both the number and application of new 
techniques for the diagnosis, evaluation and treatment of 
urinary-tract disease. New textbooks of uroradiology must 
therefore be assessed in general on their overall contribution 
to the literature and in particular on the success achieved in 
incorporating discussion of the relative merits of the 
numerous imaging techniques currently available. 

This well-presented volume, the fourth of à new series 
produced under the overall title of Multiple Imaging Pro- 
cedures, is edited by Ernest J. Ferris and Joanna J. Seibert 
with four additional authors. The first section comprises five 
chapters devoted to the methods of performing urography, 
ultrasound, nuclear medicine, computed tomography and 
renal angiography with detailed accounts of the normal 
findings in each technique. The first chapter also includes an 
excellent succinet review of current views on embryology of 
the urinary tract. The second section is the major portion of 
the book and comprises some 12 chapters, each dealing with 
a group of renal disorders. Each chapter opens with a 
description of the basic pathology and an outline of the 
presenting clinical features of the diseases under discussion. 


The group of diseases is then discussed under the headings 
of conventional urography, ultrasound, nuclear medicine, 
CT and angiography. This format allows the findings and 
role of each investigation to be discussed in detail for each 
group of diseases, but does make it tiresome to attempt to 
discover the appearances of any single disease entity. The 
newer imaging techniques are reviewed in depth, accurately 
reflecting current thinking. In common with most accounts 
of the new techniques, there is a tendency to denigrate the 
role of conventional studies and the reader will have to seek 
elsewhere for adequate accounts of the appearances to be 
found by excretion urography. The third section comprises 
one chapter devoted to the suprarenals and follows the style 
of the preceding section. 

The profuse illustrations are well selected with the excep- 
tion of many of the ultrasound images which do not reflect the 
improved definition available from modern equipment. 
There is a satisfactory index. Relatively few references are 
appended to each chapter and those that appear have been 
selected predominantly from the American literature. 

In all, this is an excellent review of the relative merits of 
the newer techniques presented in a rational manner. It will 
prove invaluable to the experienced radiologist, but the 
trainee will undoubtedly need to study other accounts of 
conventional methods to achieve benefit from this volume. 
It can be warmly recommended for inclusion in libraries of 
both working departments and teaching units, but, if it is to 
remain up to date and of maximum value, it will require the 
production of frequent new editions to reflect advances in a 
still rapidly developing field. 

J. ROYLANCE. 
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ABSTRACT 

This paper describes the initial findings of computer- 
assisted diagnosis of cerebral tumours using Bayes’ Theorem 
and CT scans. For various sets of signs, tables of accuracy 
and reliability have been constructed, and a computer 
versus radiologist analysis for three types of tumour has been 
made. Based only on the results of CT scans, the computer 
has produced diagnoses relatively quickly, and overall these 
are of reasonable accuracy when compared with the radi- 
ologists’ reports. The worst results occurred in the predic- 
tion of meningiomas, the reasons for which will be examined 
in subsequent work. 


This paper considers the statistical methodology and 
initial findings of a system for computer-aided 
diagnosis of cerebral tumours using a microprocessor 
and employing Bayes’ Theorem. 


Independence 

A computer-assisted approach to diagnosis based 
on the use of Bayes’ Theorem has been thoroughly 
tested in the case of diagnosis of jaundice (Knill- 
Jones et al., 1973) and the acute abdomen (de 
Dombal et al., 1972). The problem with the method, 
when using Bayes’ Theorem, is that there are so 
many sign profiles for each disease; for example, 
with five signs there are 32 profiles per disease and 
with ten signs there are 1024 profiles per disease. 

To overcome such problems it is common practice 
to assume that the signs are independent within each 
disease category (Taylor, 1970; Teather, 1974a); 
that is, the occurrence of a particular sign does not 
depend upon the presence or absence of any other 
sign. If that is so, all we need to know is the incidence 


pital for Nervous Diseases, Queen Square, 


of positive results in each disease for each separate 
sign. The probability of a particular profile is then 
obtained by simply multiplying the appropriate 
individual incidences. Computation is easily per- 
formed on a small microprocessor. 

The prior incidences of the disease p(Di) and the 
probabilitv of test results within each disease 
POSi Di) must be estimated from a data base of past 
patients' records, for which both test results and 

In practice, once a substantial data base has been 
collected, it is possible to identify many, perhaps 
most, of the dependencies and to eliminate them. 
One of the aims of this study is to determine the 
success of computer-assisted diagnosis after the 
elimination of obviously dependent signs. 


Computer hardware 

The equipment (described in Table I) on which 
the system is being developed was chosen for its 
reliability (we have had no system failure), ready 
availability and operational speed. 


Computer software 

The software, written in BASIC and with minor 
modifications transferable to other computers, is 
designed to cope with the required number of disease 
categories and tests for each disease category. 


METHOD 
By defining a series of signs which describe the 


TABLE I 
SYSTEM COSTS AND DESCRIPTIONS 





pli Sackler oes Li eb 
| 
i R 
Approximate cost at 
| time of purchase 
Device | Characteristics if 
Commodore PET Computer 32 Kbytes with VDU and keyboard 800 
Dual floppy disk drives 340 Khytes of store 800 
Printer 300 Chres ‘sec 800 
Cables /disks ‘etc. 100 
2500 
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CT image and 114 disease categories derived from a 
somewhat larger list (du Boulay and Price, 1968), a 
data base of past patients with confirmed diagnoses 
is being established. The signs are listed in Table II. 
The information about position has in practice been 
simplified by grouping the 44 possible signs under 
only nine headings and using these for the computa- 
tion. 


The current size of the data base is 383 cases of 
known diagnoses (Table III). All the tumours have 
been proven by histological examination. The diag- 
noses of the non-tumours have been established by 
clinical examination and observation of progress over 
a number of years. From these patients’ records it has 
been possible to estimate the prior probability for 
each disease (e.g. the incidence of gliomas in the data 


TABLE II 
SIGNS ON CT 





Number of lesions 
_ Single lesion 
Multiple lesions 


boii MP RNS ttn ar e e Mere nonne tran atta a AL IAE HAD mmm IH eee gh Ure PM rere RIAU ep a t PENA i ae MA a e eur huh Ws a AYA A A O EF OEE a A AR AR APR PLA PPI eI RLF eet el A ASA de SATA TIS Eh eode eren rie ENERO ere errem hes —— 


Position 
Parasagittal Parasellar 
Frontal Intrasellar 
Parietal Intraosseous—-vault 
Occipital Intrasseous— skull base 
superficial only other than parasagittal Anterior fossa 
Frontal Middle fossa ( -- sphenoid ridge, anterior clinoids) 
Temporal Petrous apex 
Parietal Internal auditory meatus 
Occipital Jugular foramen 
Deeply placed Other posterior fossa 
Diencephalon Cisternal 
Frontal Chiasmatic or interpeduncular 
Temporal Pontine 
Parietal Cerebello-pontine angle 
Occipital Quadrigeminal 
Both deeply placed and superficial Ambient 
Frontal Cisterna magna 
Temporal Posterior fossa 
Parietal Müid-line anterior 
Occipital Mid-line posterior 
Subfrontal Antero-lateral 
Mid-line Postero-lateral 
Lateral Lateral 
Central High brainstem 


In or above 3rd ventricle 

In or below 3rd ventricle 
Intraventricular 

Lateral ventricle 

4th ventricle 


Homogeneous 

Heterogeneous 

Probably calcified 

Lower than bone, higher than brain 

Isodense with brain 

Lower than brain higher than CSF 

Equal to CSF 

Homogeneous with concentric low surround 
Homogeneous with concentric high surround 
Lentiform or mantle shape 


Unenhanced appearance (attenuation values) 


Cortical sulci over cortex 


Enhancement 
Homogeneous 
Of entire lesion 
With surrounding unenhanced abnormal area 
Ring 
W. ith lower than brain-attenuation centre 
With isodense or higher than brain-attenuation centre 
Multiple rings 
"Thickness of ring 1s uniform within 25°, 
Of apparently abnormal blood vessels 
Selectively of grey matter 
Heterogeneous other than above 
Did not enhance 


M mn a a t t s aA sh A eer iN ai A e aen iem Pa ea PANE P a RR ai ATUM erre a err aeria rut Ma ta ma a a A a ARAS ANA A AR A A, 


C Ither signs and qualifiers 


Expansion of— 
Compression of— 
Dilatation of both lateral ventricles 
Dilatation of 3rd and both lateral ventricles 


i 
Mass effect 
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base) and the probability of a certain sign in each 
disease (e.g. the incidence of mass effect amongst 
gliomas). 

In the original list there were 114 disease categor- 
ies, taking into consideration the fact that the same 
tumour type was sometimes counted more than once 
because it could occur in several situations. Some of 
the categories are not represented in the data base as 
yet; therefore, initially, the work has been carried out 
to determine tumour type diagnosis alone. This re- 


TABLE III 
THE MATERIAL 





Cases in Cases 
Disease categories data base | tested 
t Meningioma 24 12 
2 Glioma, type unspecified 40 20 
3 Glioma, astrocytoma grade IV 14 7 
4 Chromophobe adenoma 8 + 
5 Metastasis 18 9 
6 Eosinophil adenoma 2 1 
7 Craniopharyngioma | 5 2 
8 Chordoma i | 
9 Epidermoid | 1 0 
10 Haemangio and haemangio- | 
blastoma | 2 1 
11 Abscess 2 1 
i 12 Haematoma, intracerebral 38 19 
13 Haematoma, subdural 13 7 
14 Haematoma, extradural 1 Ü 
15 Non-neoplastic cyst 
16 Arachnoid cyst 
17 Colloid cyst 
18 Choroid plexus papilloma 
19 Neurinoma, 5th nerve 
20 Neurinoma, 7th nerve 
21 Neurinoma, 8th nerve 
22 Glomus jugulare tumour | 


23 Pinealoma 


24 Not tumour (classified together 
as non-tumour) 





duced the diagnostic problem to differentiation 
between 24 possible diseases (Table HI). 

It was decided to apply Bayes’ Theorem and, for 
three main reasons, to introduce one set of symptoms 
at a time: 

(a) to see if Bayes’ Theorem were a suitable method 
to apply; 

(b) to see how the progressive introduction of sets of 
signs affected diagnosis; 

(c) to provide a simple basic method which could be 

improved by later elaboration. 

For instance, there are indications that some signs 

may not be independent whilst others may be 

redundant. This will be taken into account in future 

analysis. 


Application of Bayes’ Theorem using cross-validation 

To assess the accuracy of the computer’s predic- 
tions, the cross-validation technique was applied 
(Lachenbruch and Mickey, 1968). Using this tech- 
nique, a single case was removed from the data base 
and the remainder used to estimate the required 
probabilities. Baves’ Theorem was then used by the 
computer to predict the disease of the extracted case; 
in this wav it was possible to compare computer pre- 
diction with actual pathology. This technique was 
repeated for each alternate case (Table ITT). 


Separate sample validation 

In order to assess the cross-validation technique, a 
completely new data base of 50 cases was tested. 
Prior and conditional probabilities were calculated 
on the previous data base of 383 cases and the 50 new 
cases were then analysed. The results confirmed the 
accuracy of the technique. 


RESULTS 
Tables IV, V and VI give summaries of the 
results. They show the "accuracy" and "reliability" 


TABLE IV 


SEPARATING '"TUMOURS' FROM "NON-TUMOURS' 


% 


OST re a a ea a a n 3 039 99 s i i m T ai Eh imm m mtd, 


Tumour 


Position alone 


Position + unenhanced appearance 
Position 4- unenhanced and enhanced 
appearance 

Position -+ unenhanced and enhanced 
appearances, together with other signs 
Al possible signs 


——— 


13.6% (3.7%) 
88.695 (3.4%) 


85.2% (3.895) 


90,9%, (3.1%) 


MP ——Ó———Ó—PQ indy —— BÓ EET Lf AO RE ERR ERR VER I ETE URN 





Accuracy Reliability 
Non-tumour 





92.3% (7.4%) 
80.4%, (4.0%) 


99.0% (9.97%) 


: 57.3% (3.7%) 
81.6% (3.895) 


89.4%, (3.2%) 
82.5% (3.77 


80.655 (4.1%) 86.7% (3.4%) 


91.7% (2.8%) 


89.4% (3.35%) 84.255 (3.7%) ra (2.8% 
> 90.9%, (2.9%) | 
| 


87,494 (3.3% | 85,995 (3.6%) 


Figures in parentheses are standard errors. Approximate 95945 confidence limits are given by -+2 standard errors with an 


upper cut off at 10097, 


950 


V 


PERCENTAGE ACCURACY IN DIAGNOSING TUMOUR TYPE 


~*~; 
4 
A 


TABLE 
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| of the method in discriminating between tumours 
sS 3838 and diseases other than tumours (these have been 
grouped together as non-tumours). 

“Accuracy” and “reliability” are the measures of 
success commonly employed in work on computer- 
assisted diagnosis (Burbank, 1969; de Dombal et al., 
1972; Knill-Jones et al, 1973; Teather, 1974b; 
Horrocks, 1974). In our work, accuracy means how 
often a disease is correctly diagnosed as first choice 
(i.e. the number of correct diagnoses/number of 
cases of the disease in the test sample); reliability 
means how often the prediction of a particular disease 
proves correct (i.e. the number of correct diagnoses/ 
the number of times the disease is diagnosed). 
Radiologists are more used to the terms "sensitivity" 
and "selectivity" as definitions of the value of a 
diagnostic test. "Accuracy" has much in common 
with "sensitivity", and "reliability" is like "select- 
jvity". 

Table IV shows the discrimination between 
tumour and non-tumour, without taking into account 
the nature of the lesion. Bayes’ Theorem was also 
used to predict the exact tumour type. 

Table V shows the accuracy of Bayes' Theorem in 
more precisely predicting the nature of lesions stage 
by stage. For example, working from position alone, 
Bayes’ Theorem correctly identified the nature of 
2^4 of tumours as first choice, 15% as second choice 
and 359. as third choice; an accuracy of 52°% for the 
first three places. When the un-enhanced appearance 
(i.e. the plain scan sign description) was added to the 
data, 449/, of tumours were correctly identified as 
first choice, 1394 as second choice and 6°% as third 
choice; an accuracy of 639/, for the first three places. 
The further addition of the enhanced appearance 
(i.e. after injection of an organic iodine compound) 
slightly improved tumour accuracy. 








77% (3.0%) 
79% (2.9%) 





3rd 


ca I 
Tumours 
Dig is made fr 3rd "Total 1st T Total 
359, | 5 NE 
695 639, (5 295) 
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Overall 
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64°, 
66% 
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99%, (0.97%) 
93% (2.5%) 
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Non-tumours 
0% 
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99% 
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Comparison of accuracy 

Using Bayes’ Theorem on the CT scan results, a 
comparison was made between the computer's pre- 
dictions and the radiological reports. The reports on 
these 6500 to 8000 patients were produced, after 
careful consideration, at daily conferences in the 
X-ray Department of the National Hospital, Queen 
Square, under the chairmanship of several different 
consultant radiologists (including the second author 
in about one-third of the cases). The reports were 
made with a knowledge, at least, of the information 
given on the request form, often with a knowledge of 
further clinical data, and the results of other radio- 
logical investigations. Each report was first written 
by a trainee radiologist and then dicussed subse- 
quently by the other radiologists present; the final 
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Diagnosis made from 
-unenhanced and enhanced 


unenhanced appearance 
appearances 


Position -+ unenhanced and enhanced 
appearances, together with other signs 


Position alone 
All possible signs 


Position - 


Position- 
Figures in parenthesis are standard errors. Approximate 95% confidence limits are given by 
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TABLE VI 
COMPARISON OF ACCURACY BETWEEN THE COMPUTER METHOD AND A GROUP OF RADIOLOGISTS 






Glioma 





Computer 
Total CT materials 
Proved pathology 
No. correctly diagnosed as 1st choice 
No. incorrectly diagnosed 
Accuracy 


Reliability 


These 


report represented a committee decision. 
reports were later analysed by Claveria ef al. (1978), 
and they form the basis for our comparison of 
radiologists' diagnostic success in cases of glioma 
and metastasis. The radiologists’ diagnostic success 
in cases of meningioma were discussed by Sutton and 
Claveria (1977). The cases in this present study of 
computer-assisted diagnosis came from this much 
larger material. 

The descriptions of all the CT scans, on which the 
present computer-assisted diagnoses are based, were 
made several vears later without the radiologist 
(second author) knowing the final diagnoses. In more 
than half the cases the original reports were written 
by other radiologists; the remainder were written in 
combination with the second author. 

Table VI is a comparison of success with three 
types of tumour: glioma, meningioma and meta- 
stasis. There was no significant difference between 
the radiologists’ and the computers " predictions for 
gliomas and metastasis, but the computers’ predic- 
tion of the diagnosis in meningioma cases and of 
meningiomas were less accurate and less reliable. 


The meningioma problem 

The poor diagnostic performance with the meningi- 
oma cases needs an explanation. It did not appear to be 
due entirely to the radiologists’ knowledge of either the 
plain X-ray findings or the patients’ history. Exam- 
ination of the data revealed that all the computer’s 
false negatives were similar in one respect: the 
meningiomas arose from either the sphenoid ridge or 
the sellar region; in addition, many of them were not 
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accompanied by the low attenuation of oedema. This 
knowledge opened the way to an improvement in 
the computer program and will be discussed in a 
later paper. 
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YBSTRACI 

CT brain scans on 20 individuals aged 20-24, who were 
grossly undernourished during infancy, and on 20 controls, 
showed no significant differences either between the groups 
or within individuals. On highly critical evaluation, five 
previously undernourished individuals had minimal changes 
not considered significant on routine CT scanning which 
correlated positively with tests for disturbances of visuo- 
motor organization, 


Always there was concern that some of the infants 
who were selected from 1955-59 to try to ascertain 
whether the age at which undernutrition occurs is 
critical for subsequent brain growth and intellectual 
development, might have had organic brain damage. 
Furthermore, it has been suggested that under- 
nutrition during infancy may cause brain atrophy 
(Monckeberg, 1975). To clarify these questions and 
to find out whether any anatomical changes occur in 
the adult brain as a result of undernutrition during 
infancy, CT scans have been carried out on the 40 
subjects previously reported (Stoch and Smythe, 
1963: 1967 : 1976). 


METHOD 

The 20 individuals who were marasmic during 
infancy and formed the index group, as well as the 
20 controls, volunteered for CT scanning. An EMI 
scanner (180x 180 matrix waterbag model), was 
used to make three standard cuts without contrast 
enhancement, as this was considered not ethically 
justifiable. 


RESULTS 
Routine crude evaluation of the scans for the 
absorption coefficient of cerebral tissue showed that 
with one exception there was no significant difference 
within 
individual cerebral tissue. The one exception had a 


between groups nor various regions of 


slight increase in density (19-20, cerebral tissue 17) 
of both which 


Increase in grey matter density or very early basal 


caudate nuclei. reflects either an 


gangha calcification. This is a recognized normal 
hnding unassociated with any neurological deficit. 
The coronal distance across the anterior horns was 
measured and the cella media evaluated as an index 


Uşi 


of ventricular size. No significant abnormality nor 
differences in size were noted within individuals or 
within groups. No significant evidence of cortical 
atrophy was observed. 

Highly critical evaluation, however, elicited the 
following minor changes in three girls and two boys 
of the index group: mild cortical atrophy in the 
region of both 
(Fig. 1); a small focus of cortical atrophy on the 


temporo-parietal regions L>R 
medial aspect of the right parietal lobe; a minute 
focus of right insular atrophv; a minute interhemi- 
spheral focus high up in the fronto-parietal region; a 
small focus of atrophy in the region of the right 
insula with an overlving single dilated sulcus (this 
could have been due to head injury, as the child had 
a recent history of fits). Amongst the control group, 
only a calcific fleck above the dorsum sellae and 
increased density of the heads of the caudate nuclei 
were seen in one subject. In terms of routine clinical 





CT scan of index girl aged 21 vears showing mild cortical 
atrophy in both temporo-parictal regions, more marked on 
the left, Lateral ventricles are not dilated, 
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CT scanning for epilepsy none of these changes 
would be considered significant. 

Earlier cognitive and anthropometric data of the 
index subjects who showed minimal atrophy on CT 
scan were compared with the data of index subjects 
with no CT changes by taking the proportion of each 
group who scored below the median for the whole 
index group. Significantly worse scores at p=0.1 
level were found in the individuals with minimal CT 
changes in the Bender Visual Motor Gestalt ‘Test, 
Human Figure Drawing and Pattern Completion 
sub-test of the New South African Individual Scale 
carried out in 1973. No correlation was found with 
the one control subject. No correlation was found 
between the CT scans and the electroencephalograms 
done in 1973. 


DISCUSSION 

Initially, and when judged on routine standards, 
it seemed that no significant differences or abnor- 
mahties could be detected on CT scans of adults who 
had been grossly undernourished during the first 
two years of life. This would be in keeping with the 
concept that although undernutrition in infancy may 
result in a brain smaller than optimal as judged by 
head circumference (Stoch and Smythe, 1976), by 
brain weight (Brown, 1965), and deficient in neuronal 
development (Winick and Rosso, 1969), only growth 
retardation occurs and not atrophy. But when the 
five individuals who showed minimal changes on 
highly critical evaluation were compared for their 
intellectual performances with the remaining 15 of 
the index group quite a marked correlation emerged 
with most of the five scoring below the median of 
the generally low performance level of the index 
groups. The most striking association (—0.1) was 
found in the same tests which were previously 
emphasized in the index group as showing a visuo- 
motor defect in central neuro-integration, viz. 
Human Figure Drawing, Bender Visual Motor 
Gestalt ‘Test and Pattern Completion, of the New 
South African Individual Scale tests the one most 
closely associated with visuo-motor perception. 

The term "atrophy" used to describe these CT 
changes implies a wasting or shrinkage of a pre- 


viously normal structure. Àn alternative preferred 
explanation 1s that the minimal changes seen at a 
variety of sites with no anatomical consistency on the 
scan may reflect a more severe form of suboptimal 
brain development with smaller gyri and wider sulci. 
Clearly there is no atrophy severe enough to produce 
ventricular dilatation or enlargement of the subarach- 
noid space. Nor is there any evidence of other 
organic brain damage. 

The normal size of the ventricles and subarach- 
noid space support the concept that head circum- 
ference can be used as a maesure of brain size, 
allowance being made for skull and scalp thickness. 

The normal ventricular size is in agreement with 
Valquist et al. (1971) who, using echoencephalogra- 
phy, found no increase in ventricular size in maras- 
mic infants. As only marasmic infants were originally 
selected for our index group, no comment or 
comparison can be made with their finding of 
increased ventricular size in children with kwashi- 
orkor, 
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ABSTRACT 

Two hundred and six patients with biopsy-proven lym- 
phoma, 74 with Hodgkin’s disease and 132 with non- 
Hodgkin's lymphoma had abdominal computed tomography 
for assessment of remission status (108 patients) or for in- 
vestigation of relapse (98 patients). In 43 patients with 
diffuse large cell lymphomas scanned at a time of apparent 
complete remission CT was abnormal in 21. Sixteen of 
these patients have relapsed and died. Only one patient has 
relapsed in the group who have normal CT scans, This dif- 
ference was significant ( p — 0.00001). This difference was not 
seen in nodular lymphomas. There were very few patients 
with Hodgkin's disease in whom the CT scan was abnormal 
and there is a suggestion that many abnormalities following 
treatment may represent inactive Hodgkin's disease or 
fibrosis only. CT played a major role in diagnosing the full 
extent of relapse in both non-Hodgkin's lymphoma and 
Hodgkin's disease. Over 50%, of the abnormal sites de- 
tected by C'T would not have been shown by any other non- 
invasive investigation. 

Five patients with treated Hodgkin’s disease who had “B” 
symptoms onlv suggesting relapse were all shown by C'T to 
have extensive intra-abdominal disease. 


The introduction of whole-body computed tom- 
ography (CT) in 1975 provided a new non-invasive 
technique for the assessment of patients with lym- 
phoma. Since then many authors have reported their 
experience with CT in the staging of lymphoma, 
especially Hodgkin's disease (Alcorn et al., 1977; 
Best et al., 1978; Breiman et al., 1978; Jones et al., 
1978; Blackledge et al, 1979, 1980a; Earl et al., 
1980). The majority of these studies concluded that 
CT was as good as or superior to lymphography for 
the assessment of retroperitoneal nodal disease. The 
accuracy of CT in detecting intra-abdominal disease, 
however, has been disappointing when compared 
to laparotomy, mainly because of its poor ability to 
detect splenic disease. As detection of splenic 
disease 1s Important in the staging of lymphoma, es- 
pecially Hodgkin's disease, CT has limitations as an 
initial staging investigation. 

During follow up of patients with lymphoma, the 
requirements of a staging investigation are different. 
Assessment of remission is important, since in both 
Hodgkin’s disease (HD) and many histological sub- 
types of non-Hodgkin’s lymphoma (NHDL) 
achievement of complete remission is an important 
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prognostic factor (Fisher et al., 1977; Sutcliffe et al., 
1978b; Blackledge et al., 1980b). The use of whole 
abdominal CT may reveal the presence of residual 
disease following treatment, and accurate assessment 
of the full extent of relapse may be of value in de- 
ciding choice of treatment. 

If CT could be shown to be useful in these two 
important aspects of follow-up, namely relapse and 
remission assessment, then it would make a valuable 
contribution to the management of patients with 
lymphoma. The purpose of this investigation has 
been to determine the role of CT during follow-up 
of lymphoma patients in terms of remission assess- 
ment, detection of relapse and restaging at a time of 
relapse. 


PATIENTS AND METHODS 

Two hundred and six patients, 74 with HD and 
132 with NHDL were scanned between September 
1976 and December 1979 in the Department of 
Diagnostic Radiology, University of Manchester. All 
patients were managed and referred by members of 
the Manchester Lymphoma Group and had a 
biopsy-proven diagnosis of lymphoma, classified 
using the Rye nomenclature for HD (Lukes and 
Butler, 1966) or the modified Rappaport system for 
NHDL (Rappaport, 1966). Those patients with 
nodular pathology NHDL or diffuse well-differenti- 
ated lymphocytic pathology were regarded as having 
grade | pathology and received treatment as shown 
in Table I. Other cases of NHDL were regarded as 
having grade 2 pathology and received more inten- 
sive treatment (Table I). The treatment for patients 
with HD is also shown in Table I. 

Assessment by CT and conventional investigations 
was made as follows. 


1, Remission assessment 

(i) HD. CT was performed within two months of 
completion of chemotherapy on those patients who 
showed evidence of intra-abdominal disease at 
presentation. 
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TABLEI 


"TREATMENT SUMMARY OF PATIENTS WITH HODGKIN'S DISEASE 
AND NON-HODGKIN’S LYMPHOMA 





HD 
I&I Mantle radiotherapy with or without adjuvant 
chemotherapy (MV PP—®6 courses) 
HI & IV MVPP to remission plus 6 further courses. 
Radiotherapy to sites of bulky disease 
( MVPP-—see Sutcliffe et al., 1978b). 


NHDL 
Favourable pathology 


I & H Radiotherapy with or without adjuvant 
chemotherapy 

H abdo 

III & IV CVP chemotherapy (minimum 6 courses) 


radiotherapy to bulky disease 
(Bagley et al., 1972) 


Unfavourable pathology 
I & H Radiotherapy with either VAP chemotherapy 
or C MOPP-—6 courses 


Il abdo VAP (6 weeks) plus radiotherapy to sites of 


III & IV bulky disease. Oral maintenance treatment for 
2 years 


(Blackledge et al., 1980b) 





(i) NHDL. In the group with grade 1 pathology, 
CT was performed on completion of CVP therapy 
(Bagley et al., 1972), usually between six and nine 
months from starting treatment. The group with 
grade 2 pathology had a CT scan between one and 
three months following completion of VAP treat- 
ment (Blackledge et al., 1980b). When the scan was 
abnormal and the patient remained well, the examin- 
ation was repeated from 8 to 36 months later. 

The other investigations that were performed at 
remission assessment included haematological exam- 
ination with bone marrow aspirate and trephine, 
liver function tests and plain chest radiograph. 
Lymphography was not routinely repeated, but if a 
lymphogram had been performed at presentation a 
plain abdominal radiograph was obtained to check 
the status of the opacified nodes. Any other in- 
vestigation which had been performed at present- 
ation and was abnormal was repeated. Complete re- 
mission was defined as the disappearance of all 
disease clinically and the return to normal of the 
results of all investigations which had been per- 
formed. 


2. Relapse assessment 
CT scans were performed to assess extent of re- 

lapse in the following situations: 

(1) when there was clinical evidence of relapse with 
either nodal or extra-nodal disease; 

(ii) when investigations suggested relapse, e.g., ab- 
normal liver function tests; 


TABLE II 
Finpings BY C'T iN PATIENTS WITH HODGKIN'S DISEASE IN 
CLINICAL REMISSION 


No. of patients scanned 
Normal 
Areas abnormal by C'T 
Para-aortic nodes 
Iac nodes 
Splenic hilar nodes 
Liver 
Spleen 
No. of patients relapsing with abnormal CT 
scans 2/6 
No. of patients relapsing with normal CT scans 1/2 








————— ——————————— 


(ii) when a patient with Hodgkin's disease had “B” 
symptoms, but no other clinical signs of relapse. If 
relapse was detected by any means, appropriate 
treatment was given, depending upon the hist- 
ology and distribution of disease. 

Preparation of the patient, scanning technique and 
criteria for assessment of lymph node enlargement 

were as described previously (Best ef al., 1978). 


RESULTS 
1. Assessment of remission status 

In this study 108 patients (26 with HD and 82 
with NHDL) were given a remission assessment, 
including CT. All patients were in apparent clinical 
remission, using the criteria described under 
"Patients and methods”. 

(i) Hodgkin's disease. The 26 patients scanned had 
evidence of intra-abdominal disease prior to treat- 
ment and the results are shown in Table II. There 
were seven areas in six patients which were regarded 
as abnormal. In the patient with two abnormal 
lymph node areas (para-aortic and left common iliac 
groups), clinical relapse occurred four months later 
in those areas. One other patient with iliac node in- 
volvement detected by CT also relapsed. Both 
patients achieved a second remission with combin- 
ation chemotherapy. A further patient with a normal 
CT scan relapsed one month following assessment, 
with an enlarged liver and abnormal liver function 
tests. This patient responded satisfactorily to chemo- 
therapy and is in complete remission two and a half 
years following initial assessment. 

(n) NHDL. Eighty-two patients with NHDL in 
apparent clinical remission were scanned; 39 had 
grade | (nodular histology) and 43 had grade 2 
(diffuse histology), The results are shown in Tables 
III and IV. In grade 2 pathological group a normal 
abdominal CT scan was associated with continued 
relapse-free survival (0.00001) (Table III). In 
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TABLE HI 
C'T SCAN RESULTS IN PATIENTS WITH DIFFUSE PATHOLOGY 
NON-HODGKIN'S LYMPHOMA IN APPARENT CLINICAL 
REMISSION USING CONVENTIONAL RESTAGING METHODS 
(Follow up 15-60 months, median 36) 


Alive and 


well Relapsing | Total 
CT normal | 21 1 24 
C'T abnormal 3 16 21 
Total 26 17 43 


TABLE IV 
CT SCAN RESULTS IN PATIENTS WITH NODULAR-PATHOLOGY 
NON-HODGKIN'S LYMPHOMA IN APPARENT CLINICAL 
REMISSION USING CONVENTIONAL RESTAGING METHODS 
(Follow up 16-60 months, median 35) 


Alive and 


well 


Relapsing 
or died 


C'T normal 16 
C'T abnormal 14 


Total 30 





p 9.207. 


the five cases where CT was abnormal but patients 
are surviving, three out of five of the scans were per- 
formed within two months of complete clinical re- 
mission. Repeat scans in two of these patients, nine 
and 12 months later, showed regression in the pre- 
viously abnormal areas. 

In patients with nodular lymphoma the results 
were different (Table IV). 

Abnormalities seen on CT were not necessarily 
associated with subsequent clinical relapse. There 
was no significant difference in relapse-free survival 
between patients with normal and abnormal CT 
scans (p==0.207). Of the patients in this group who 
remain alive and well, 17 out of the 19 abnormal 
areas detected by CT were in nodal sites and only 
two in extra-nodal sites. However, of 13 abnormal 
areas detected in patients who subsequently re- 
lapsed, only six were in nodes and seven were in 
extra-nodal sites. 


2. Investigation of relapse 

(i) HD. Forty-eight patients with biopsy-proven 
HD were scanned at a time of relapse or suspected 
relapse. Twenty had clinical evidence of disease 
above the diaphragm only. Twenty-three had evi- 
dence of relapse below the diaphragm and eight had 


TABLE V 
C'T FINDINGS IN 48 PATIENTS WITH RELAPSING HODGKIN'S 
DISEASE 


Normal 

Areas involved 
Nodes 
Para-aortic 
Coeliac 
Iliac 
Mesenteric 


t2 


coe 


Retro-crural 

Splenic hilar 

Liver 

Spleen 

Renal 

Bone 

Ascites 

Unexpected findings 


XOU BO C3 ur TS M] m C9 06 06 O0 


r3 





widely disseminated disease. There were five patients 
in whom only “B” symptoms suggested relapse. 

The CT findings in these patients are shown in 
Table V. In eight patients the abdominal scans were 
normal; six of them had evidence of relapse above 
the diaphragm only. The other two had enlarged 
inguinal nodes. The remaining 40 patients all had 
evidence of intra-abdominal disease documented by 
C'T. The para-aortic node areas were most often in- 
volved; of the 11 patients with retro-crural lymph- 
adenopathy, nine had also para-aortic node enlarge- 
ment, and of the eight patients with coeliac node 
involvement, seven had para-aortic node enlarge- 
ment. In four patients with splenic hilar node en- 
largement, the spleen was also enlarged. In two 
cases bone disease within a vertebra was seen, and 
there were three patients with renal or juxta-renal 
disease. Of the 20 cases who had clinical relapse 
above the diaphragm only, CT showed infra- 
diaphragmatic disease in 14. 

Additional unsuspected disease was found in 12 
of 23 cases with infradiaphragmatic or generalized 
relapse. All five patients with “B” symptoms as the 
only clinical evidence of disease had abnormalities 
below the diaphragm on CT. 

(ii) NHDL. CT was performed in 50 patients 
with NHDL at a time of relapse or suspected relapse. 
Of the 23 patients with grade 1 pathology, five had 
normal CT scans and four of the 27 with grade 2 
pathology had normal examinations (Table VI). In 
four patients CT did not confirm the clinical sus- 
picion of generalized disease within the abdomen; in 
ten, CT demonstrated abdominal disease, indicating 
that an apparently localized relapse was generalized. 

Abnormal areas detected by CT are shown in 
Table VII. About twice as many areas were detected 
by C'T as were expected from conventional clinical 
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restaging assessment (excluding lymphography). 
All but three of the 15 retro-crural abnormalities were 
unsuspected clinically; in the three cases where 
relapse was suspected, involvement of the retro- 
crural nodes was seen as a paravertebral shadow on 
chest radiographs. Coeliac and mesenteric lymphad- 
enopathy was rarely suspected on conventional re- 
restaging, and yet was present in 19 cases; in none, 
however, was coeliac or mesenteric node enlarge- 
ment the only sign of abdominal disease. 

In one case from the grade 2 pathology group in 
whom liver disease was unsuspected, a generalized 
increase in hepatic density was noted on CT. 
Nodules in the spleen were seen in one patient only; 
in all other cases with splenic involvement, relapse 
was documented by splenic enlargement only. 

Abnormalities detected in other areas fall into 
three main groups: (1) pulmonary: seven abnor- 
malities were seen in the lower lung fields on CT, but 
they were all visible on conventional radiography; 
(2) renal infiltration or obstructive uropathy due to 


TABLE VI 
NUMBER OF PATIENTS RELAPSING WITH NON-HODGKIN'S 
LYMPHOMA STUDIED BY CT 








| | Diffuse Nodular 
histology 
"Total scanned 27 23 
| CT scan normal 4 5 
CT changed diagnosis from 
generalized to localized 
relapse 2 2 
| CT changed diagnosis from 
localized to generalized 
relapse 6 4 


| 
| 





lymphadenopathy in three patients; (3) bone in- 
volvement in two cases only, 
DISCUSSION 

Improvements in radiotherapy and chemo- 
therapy in the past two decades have resulted in 
dramatic changes in the prognosis of patients with 
HD; although approximately 8095 of patients with 
advanced HD achieve clinical remission with com- 
bination chemotherapy, half will relapse within five 
years. If relapse occurs within one year of treatment 
with combination. chemotherapy, the subsequent 
prognosis is poor (Sutcliffe et al., 1980). Prognosis in 
HD is dependent on factors such as anatomical 
distribution of disease, extent of disease and systemic 
symptoms. Following treatment, assessment of 
whether remission is complete is important as 
patients who do not respond or who have an incom- 
plete remission have a very poor prognosis (Sutcliffe 
et al., 1978b). In some patients with advanced diffuse 
histiocytic lymphoma, long-term survival is achieved 
following combination chemotherapy and if the re- 
mission is complete, the incidence of relapse falls 
rapidly with time (DeVita et al., 1975). Therefore 
the presence of residual disease following chemo- 
therapy 1s of particular importance in the manage- 
ment of both HD and NHDL. 

Accurate documentation of remission using con- 
ventional staging procedures, including lymph- 
ography, may underestimate the presence of disease. 
Using abdominal lymphography only, the nodes in 
the lower para-aortic and iliac areas are regularly 
opacified and the upper para-aortic, retro-crural, 
coeliac and splenic hilar regions cannot be assessed 
adequately, Using one node area or selected node 


TABLE VII 
ABDOMINAL SITES INVOLVED IN PATIENTS WITH RELAPSING NON-HODGKIN'S LYMPHOMA AS SEEN BY C'T (50 PATIENTS) 





| Clinically Clinically 
Expected Unexpected Expected Unexpected 


dn nmana aaa aya Aaaa AA A a a A aaa aaa e anana aaa AA a A SRRRRDRRRRRREER 


Areas involved 
Retro-crural node 
Para-aortic node 

| Ihac nodes 
Coeliac nodes 

Mesenteric nodes 

Liver 

Spleen 

Splenic hilar node 

Other area 
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Total 


Nodular histology 













Diffuse histology 


a aa a aaa Aa Aaa ere ery [aren at a we Tun Wann 


0 7 5 
13 7 7 
9 3 | 
0 5 4 
1 5 4 
6 3 1 
5 4 3 
0 1 1 
4 3 | 0 
38 38 3 
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areas to monitor disease is likely to be unreliable be- 
cause of different rates of response depending upon 
the bulk of disease and site within the body. Sut- 
cliffe et al. (1978a) assessed complete remission by 
laparotomy following treatment, but this carries an 
appreciable risk of morbidity in immunosuppresed 
but potentially cured patients. CT, despite its 
limitations in the staging of disease, is a useful tech- 
nique for mapping out the extent of nodal involve- 
ment in the whole abdomen and provides the base- 
line against which response to treatment may be 
assessed using serial examinations. 

In the study of patients with HD scanned at 
apparent complete remission the presence of nodal 
enlargement in the para-aortic and iliac areas was 
associated with subsequent relapse in some patients. 
CT was useful in these patients as further chemo- 
therapy enabled complete remission to be achieved. 
Reports from some centres suggest that para-aortic 
and iliac node involvement carried a worse prognosis 
when compared with either splenic disease or upper 
abdominal disease (Desser et al., 1977; Stein et al., 
1979; Hoppe et al., 1979). It is significant, however, 
that the number of patients who relapsed in this 
study is small and that there were also some patients 
who had evidence of nodal enlargement but who 
have not as yet relapsed. Since completion of this 
study, CT has been used routinely for remission 
assessment of patients who had abdominal HD at 
presentation. There have been two cases in whom 
CT suggested enlarged para-aortic nodes following 
treatment; in both cases, following second-look 
laparotomy, residual fibrous tissue only was found 
with no evidence of active HD. These cases con- 
firmed the findings of Sutcliffe et al. (19782) that 
residual abnormalities following treatment of Hodg- 
kin's disease do not necessarily represent active HD. 
If no change is detected on follow-up scans and if 
other parameters are normal, then remission may be 
assumed. When there is doubt about the complete 
remission, however, biopsy of such nodes under 

dugod or CT control might be of value; such 
procedures would only be useful, however, when a 
positive biopsy is obtained. 

In patients with grade 2 histology NHDL in ap- 
parent clinical remission an abnormal C'T scan fol- 
lowing treatment was clearly associated with poor 
prognosis and our results indicate that this group 
should receive further intensive treatment until the 
scan returns to normal. The presence of scan ab- 
normality in the grade 1 histology group and its lack 
of significant association with prognosis in the 
small group studied is interesting and suggests that 
an abnormal scan may be followed without further 


treatment when residual abnormalities are confined 
to lymph nodes; however, further studies are 
required before definite treatment policies can be 
formulated and follow-up examinations would cer- 
tainly be required to establish continuing regression. 
The ability of CT to demonstrate occult abdominal 
disease in patients with clinically complete remission 
may be useful in predicting the subsequent course 
of the disease; an abnormal CT scan may prove to be 
an important prognostic indicator for survival in 
patients with grade 2 histology and may indicate 
when further therapy is necessary. 

Relapses in HD, if they occur, almost always be- 
come apparent in the first five years following initial 
treatment. Most relapses occur within the first 
18 months and Weller et al. (1976) found that 87°% 
of relapses occurred within the first three years. CT 
has the advantage of being able to detect disease in 
sites which remain undetectable on lymphography, 
and has fewer hazards. In the HD group, relapse 
was commonly seen in the para-aortic nodes and CT 
clearly showed more extensive involvement than 
suggested by clinical assessment. Of the 20 cases who 
had clinical relapse above the diaphragm, 14 (almost 
73%) had evidence of sub-diaphragmatic disease on 
CT. Of particular importance was the detection of 
disease below the diaphragm in patients with “B” 
symptoms as the only clinical evidence of relapse. Of 
the 48 relapsed patients with HD, there were 31 
patients in whom CT revealed disease which was not 
detected otherwise; in only seven areas of relapse in 
these patients did the disease occur in lymph nodes 
which could have been opacified at lymphography, 
and the remainder had disease documented by CT 
in areas such as coeliac nodes, retro-crural and 
splenic hilar nodes which would not be adequately 
assessed by lymphography. The measurement of re- 
gression in these areas allows assessment of treatment 
response and documentation of second remission to 
be made by CT. 

Similarly, in the group with NHDL, CT was of 
value in the documentation of disease in clinically 
inaccessible areas (retro-crural, coeliac or mesen- 
teric nodes). Of the patients with para-aortic disease 
almost half were clinically unexpected. Lymph- 
ography was not performed routinely in this group 
as a relapse investigation, but it is likely that of the 50 
unexpected lymph node areas shown to be enlarged 
on CT, lymphography would have detected only 
23% of the abnormalities, these being in the iliac or 
lower para-aortic regions. 

In conclusion our results indicate that CT is use- 
ful in both HD and NHDL to document remission 
and delineate extent of disease in patients with 
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relapse or suspected relapse. In the non-Hodgkin’s 
lymphomas with grade 2 histology, the presence of 
residual disease was significantly associated with a 
poor prognosis, but no such correlation existed in 
the patients with grade 1 histology. An abnormal CT 
scan may prove to be an important prognostic in- 
dicator for survival. Larger studies are required to 
confirm this and the role of CT in predicting the 
course of the disease. 
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ABSTRACT 

The contribution from radioactivity in bladder contents to 
dose commitments to the embryo, ovaries, red marrow, kid- 
nev, bladder wall and total body has been estimated for 
various renal radiopharmaceuticals, assuming a bladder- 
voiding period of 3.5 h. For hippuran and GFR agents this 
contribution is 70-97% of the embryo dose and 50-935; of 
the ovary dose. The embryo dose exceeds the ovary dose by 
a factor of two or more. For the radiopharmaceuticals with 
no significant kidney retention, the surface dose to the blad- 
der wall is higher, by more than an order of magnitude, than 
doses to other organs and is largely responsible for the effec- 
tive dose equivalent exceeding the estimated whole-body 
dose by factors of up to 25. 

Since the estimation of cumulated activity in bladder con- 
tents is necessary for bladder dosimetry, a nomogram based 
on a 3.5 h voiding period is presented as a convenient aid for 
this purpose. 


With the increasing variety of radiopharmaceuticals 
used to study renal function and morphology, it is 
important, for purposes of internal dosimetry, to 
consider the relatively high cumulated bladder 
radioactivity inherent in such diagnostic procedures 
in view of the proximity of the bladder to various 
tissues at risk. Recent advances in physical dosim- 
etry methods (Loevinger and Berman, 1976) allow 
estimation of dose commitments from this "source 
organ" to the bladder wall and other target organs, 
uncertainties associated with metabolic and physio- 
logical parameters such as urine flow rate and blad- 
der voiding pattern usually being the main limi- 
tations on accurate dosimetry. The purpose of this 
paper is to determine the relative magnitude of the 
contribution from radioactivity in bladder contents 
to dose commitments to the embryo, ovaries, red 
marrow, kidney, bladder wall and total body follow- 
ing the administration of radiopharmaceuticals to 
measure effective renal plasma flow (ERPF) or 
glomerular filtration rate (GFR) or for renal imaging. 
À necessary part of this study is the estimation of the 
cumulated activity in bladder contents and, as a con- 
venient aid for this purpose, we have developed a 
simple nomogram, assuming a 3.5 h bladder voiding 
period. 


METHODS 
Calculations of all doses, other than the dose to the 
bladder wall, were based on the MIRD formula 
(Snyder et al., 1975): 
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Values of cumulated activity in source organs (4, 
MBq, or Ci h) were estimated using simple meta- 
bolic models to describe the in-vivo behaviour of 
the administered renal radiopharmaceuticals. The 
models assume that the tracers undergo monoexpo- 
nential removal from the total-body distribution 
space at rates determined by the known clearances of 
the radiopharmaceuticals in question. Thus GFR 
tracers are assumed to mix instantaneously within 
the distribution space and to be cleared, in the nor- 
mal case, with a biological half time of 100 min and 
kidney transit time of 5 min. The respective values 
for hippuran are assumed to be 25 min and 4 min. 
Whilst these models are simplifications of the true 
tracer kinetics, in that the delay in distribution be- 
tween the plasma and extravascular extracellular 
fluid is ignored, it has been assumed that this will not 
significantly affect the radiation dose estimates. In 
the case of the renal imaging agents Tem DMSA 
and 99Tcm gluconate, published biokinetic data 
were used (Arnold et al., 1975), The value of A for 
bladder contents, however, depends not only on the 
assumed biokinetic model but also on the bladder- 
emptying period (ty). Cloutier et al. (1973) have 
shown that for a radiopharmaceutical cleared mono- 
exponentially by renal function with biological rate 
constant Ap and successive voidings at intervals ty, 
the cumulated activity in bladder contents is the sum 
to infinity of a geometric series, and is given by 
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where Àp 1s the radioactive decay constant and f is the 
fraction of the administered activity Ag which is 
cleared by the kidneys and which in the present con- 
text has the value of 1.00. 


Nomogram for estimation of A bi/ Ao 

For convenience we have developed a nomogram 
derived from equation (1) using determinant analy- 
sis which allows rapid estimation of Ap)/Ao for a 
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Fic. 1. 
Nomogram to obtain the cumulated activity in bladder 
contents. dni! do (h per unit administered activity) from the 
biological (4o h^!) and physical (àp h^!) decay constants of 
an administered radiopharmaceutical which is cleared 
monoexponentially by the kidneys. Examples of its use for 
an ERPF agent (!?!I -hippuran) and a GFR agent (!!3In" 
D'TPA) are shown. 


given /,, and thus obviates manipulation of the cum- 
bersome formula. The example shown in Fig. 1 is 
for a ty of 3.5 h which we have taken as a representa- 
tive bladder-emptying period (Syed, 1976). This 
shows that Ay;/Ao only approaches ty when clear- 
ance is very fast (Ap large) and that considerable 
benefit in radiation dose reduction from radio- 
activity in the bladder results from a reduction in Ap 
and increase in Ap. For example, the GFR agent 
13]nm DTPA has a short radioactive half-life (100 
2 ee to its bios oe, me time 


0.75 h per unit ated scully: On the thes 
hand, for the longer-lived !?!I-hippuran (Ap= 
0.0036 h-!) which is cleared more rapidly (Ay — 1.66 
h71), the value of Ap/Ao is increased to 2.9 h per 
unit administered activity and thus approaches the 
bladder voiding period (3.5 h). Whilst we have used 
single exponential models for the above examples, 
the nomogram can be used with multicomponent 
models such as those which describe the whole-body 
retention of ?9''e* gluconate, the individual com- 
ponents being analysed separately. 

Values of S (Gy/MBq s or rad/u Ci h) for all tar- 
get organs other than the embryo and bladder wall 
were taken from tables (Ford, 1980) which have been 
updated from those of MIRD Pamphlet 11 (Snyder 
et al., 1975) for use in the derivation of the data given 


in ICRP 30 (1979) and which will presumably be 
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published in due course. Values of S for the embryo 
as target organ were taken from tables given by 
Smith and Warner (1976) or calculated from physical 
output data (Watson, 1980) and tables of y-ray ab- 
sorbed fractions (Smith and Warner, 1976). The 
value of S for bladder contents as source organ 1s 
based on a fixed volume of 200 ml and thus takes no 
account of the variation in the dose rate to the blad- 
der wall due to the changing volume of bladder 
contents. We have therefore calculated doses to the 
bladder wall on the basis of the bladder model of 
Snyder and Ford (1976) which allows the estimation 
of dose rates for different volumes of bladder con- 
tents, followed by integration over the filling cycle. For 
this purpose, the urine flow rate (1400 ml d-!) of 
Reference Man (ICRP, 1975) was used. For non- 
penetrating radiation, we have adopted the same ap- 
proach as that used by the Medical Internal Radi- 
ation Dose Committee (Snyder et al., 1975) and 
calculated a surface dose to the bladder wall on the 
assumption that this is half the average dose to the 
bladder contents. For target organs other than the 
bladder wall and for bladder contents as the source 
organ, S values based on a fixed 200 ml bladder con- 
tent were used. 


Estimation of the effective dose equivalent 

Except for Tem DMSA, radiation doses to tar- 
get organs were calculated using three source organs, 
namely kidneys, bladder contents and total body, 
where the cumulated activity of the latter excludes 
that in kidneys and bladder contents. For calculating 
the effective dose equivalent (ICRP 26, 1977; Sow- 
by, 1978), the target-organ doses used were those for 
the six organs listed in ICRP 26, namely gonads, 
breast, red bone marrow, lungs, thyroid and bone 
surfaces, together with the doses to kidneys, bladder 
wall and total body. T'he gonad dose was taken as the 
mean of the doses to ovaries and testes, and the dose 
to breast was assumed to bethesame as that to muscle. 
Kidneys and bladder wall were used as two of thefive 
organs in the "remainder" (ICRP 26) with weighting 
factors of 0.06 and, in the absence of other organ 
doses significantly higher than the total body dose, 
three further arbitrary organs with weighting factors 
of 0.06 were assumed to receive the same dose as the 
total body. In the case of Tem DMSA, liver and 
spleen were used as both source and target organs in 
addition to those given above, and the total body 
dose was used to represent that of the fifth outstand- 
ing organ of the "remainder". 


RESULTS 
Table I lists the radiation dose commitments 
(u Gy per administered MBq) to the embryo, ovaries, 
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red marrow, kidneys, bladder wall and total body for 
a number of renal radiopharmaceuticals. Doses to the 
testes were on average two thirds of the doses to the 
ovaries, The proportions of the organ doses which 
are due to the contribution from radioactivity in 
bladder contents (for a 3.5 h voiding period) are 
also shown. An estimate of the effective dose 
equivalent is given in the final column of Table I to- 
gether with the magnitude of the bladder wall con- 
tribution to this value. 


DISCUSSION 

The nomogram described above is a convenient 
aid for calculating cumulated activity in bladder 
contents and is sufficiently accurate in practice in 
view of the various assumptions such as filling rate 
and voiding period on which the present bladder 
model is based. 

The results in Table I have been calculated for 
normal renal function, when the radioactivity in 
bladder contents has its largest influence on dosi- 
metry. The importance of this contribution is evident, 
though for the renal-imaging radiopharmaceuticals 
Tem DMSA and Tem gluconate, kidney reten- 


tion of tracer reduces the bladder effect. Apart from 
its obvious influence on the bladder-wall dose, the 
contribution from bladder radioactivity to the em- 
bryo dose is also particularly marked, being about 
969, for hippuran and 85% for most GFR agents. 
Whilst these contributions are calculated for a 3.5 h 
bladder-voiding period, they are so large that the 
effect of bladder radioactivity remains predominant 
for even more frequent voiding. 

Our results show that for the particular kinetic 
data we have used here the radiation doses to the 
embryo are about double those to the ovaries and 
thus confirm the conclusions of Husak and Wieder- 
mann (1980) that, in early pregnancy, the radiation 
dose to the embryo cannot be approximated by that 
to the ovaries. Except for radiopharmaceuticals 
partly retained by the kidney, the dose to the sur- 
face of the bladder wall in normal subjects is much 
higher than that to any other target organ, often by 
more than an order of magnitude. This has consider- 
able bearing on the calculation of effective dose 
equivalents which, for all the radiopharmaceuticals 
considered, exceed the actual total-body dose by 
factors of 4 to 25. The higher factors are observed 


TABLE I 


CONTRIBUTIONS FROM BLADDER RADIOACTIVITY TO VARIOUS TARGET-ORGAN DOSES FOR RENAL RADIOPHARMACEUTICALS BASED ON 
A 3.5 H BLADDER VOIDING PERIOD 















1*3] hippuran 








SICr EDTA 2.8 1.3 0.6 
(86) (73) (36) 
Tem DTPA 9.2 4.2 2.4 
(85) (72) (39) 
Min DTPA 37 17 7.9 
(86) (75) (38) 
13Inm™ DTPA 9.1 5.0 3.0 
(71) (52) (18) 
1257 iothalamate 6.7 2.3 1.8 
(83) (52) (10) 
'40La DTPA 162 85 35 
(83) (67) (28) 
169Yb DTPA 39 17 11 
(84) (68) (31) 
Ten DMSA 5.4 3.7 6.3 
(39) (22) (4) 
39'T'c gluconate 9.0 4.7 3.9 
(73) (55) (20) 


Dose (#Gy/MBq) 
(% contribution from bladder radioactivity) 





Radiopharmaceutical | Embryo Ovaries | Red marrow | Kidneys | Bladder wall | Total body |. (uSv/MBq) 
1317 hippuran 40 17 4.9 30 2460 6.3 

(96) (90) (65) (2.5) (> 99) (74) 
1257 hippuran 7.8 1.8 0.6 4.6 374 2 











Effective dose 
equivalent 
























1.5 42 0.6 15 
(2.8) (>99) (46) (79) 
4.4 134 1.8 10 
(2.5) (99) (45) (80) 
15.6 466 7.1 36 
(3.1) (99) (49) (77) 
14.3 477 31 32 
(0.9) (> 99) (27) (88) 
6.5 230 1.8 16 
(0.03) (>99) (41) (88) 
132 4410 41 313 
(3.1) >99) (41) (85) 
30 1070 8.5 74 
(1.0) (>99) (39) (86) 
185 37 4.0 17 
(0.02) (95) (5) (13) 
46 138 2:7 14 
(0.2) (99) (25) (61) 
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for the ERPF and GFR agents, and the bladder- 
wall dose is shown to be very largely responsible. 
However, these effective dose-equivalent values may 
subsequently require qualification in two respects. 

Firstly, there are reasons to suggest that a weight- 
ing factor of 0.06 may over-estimate the risk of 
detrimental effects due to irradiation of the bladder 
wall: if it should be decided that the weighting 
factor should be 0.03, like that for thyroid and bone- 
surfaces, this could result in an almost two-fold re- 
duction in our estimates of effective dose equivalent 
based on a surface dose to the bladder wall. 

Secondly, the difference between a surface dose 
to the mucosal cells and an average dose to the entire 
bladder wall can be considerable, especially for 
radionuclides such as 99T'c with large numbers of 
short range Auger and conversion electrons where 
the two dose estimates may differ by an order of 
magnitude (Snyder and Ford, 1976). However, it 
has been the policy of the ICRP to use surface dose 
rate extensively in the past, for example to estimate 
the dose to the walls of the gastrointestinal tract 
from radioactivity in the contents (ICRP 30, 1979). 

Where data are directly comparable, our dose 
estimates are in good agreement with those reported 
elsewhere (Elliott et al., 1976; O'Reilly et al., 1977; 
Elliott and Britton, 1978; O'Reilly et aL, 1979; 
Husak and Wiedermann, 1980) and our higher 
estimates of bladder-wall doses are the result of 
making allowance for the effects of bladder-filling 
rate. Our estimate of bladder-wall dose for 99Tcm 
DTPA is in good agreement with that of Diffey and 
Hilson (1976) who also made this allowance by a 
different technique. 

The contributions from radioactivity in the blad- 
der to the dose commitment of organs other than the 
bladder wall are directly related to the cumulated 
activity in bladder contents and, for the radio- 
pharmaceuticals considered, are approximately in 
direct relation to the bladder-voiding period (ty). 
There is, however, no such relationship for the 
bladder-wall dose because, whereas more frequent 
voiding tends to reduce this dose, the smaller average 
volumes of bladder contents tend to increase it. The 
net result, for the radiopharmaceuticals considered, 
is that a reduction in t, from 3.5 to 1 h reduces the 
bladder-wall dose to only about two thirds of that 
for a 3.5 h void, assuming a constant flow-rate of 
urine. 

It has been recommended by a working party of 
the former MRC Isotope Advisory Panel (Ellis et al., 
1977) that, except where radiopharmaceuticals are 
administered for research purposes, implementation 
of the ten-day rule need only be considered for those 


radiopharmaceutical investigations which will give 
rise to gonad doses in excess of 500 Gy (50 mrad) 
over a time which is short compared with ten days, 
although there is no general agreement on this figure. 
Whatever value of gonad dose is finally adopted for 
this purpose, it is evident that the dose from bladder 
contents could be a deciding factor for some renal 
imaging techniques. When radioactive material is to 
be administered for research purposes and it is 
necessary to obtain "informed consent", some 
quantitative estimate of the risk which can be ex- 
pressed in everyday terms is necessary. The effective 
dose equivalent has been introduced as the best 
available basis for assessing risks to occupationally 
exposed workers and faute de mieux most workers 
faced with this problem will use this parameter when 
administering radiopharmaceuticals for research 
purposes, Whilst it is important to bear in mind that 
the present model possibly represents “worst case" 
estimates of the dose to the bladder wall, for reasons 
stated above, it is evident that it can be used to assess 
the value of procedures such as decreasing the void- 
ing period which can reduce the effects of bladder 
radioactivity or for comparing the relative merits of 
different radionuclide labels for equivalent radio- 
pharmaceuticals. 
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Radionuclide Imaging Artefacts. By L. D. Wells and D. R, B. 
Bernier, pp. v-- 139, 1980 (Year Book Medical Publishers, 
Chicago/London), £11.75. 

ISBN 0-8151—9217—7 

As the authors say in the foreword, we profit and learn 
most from our mistakes. This book is a collection of mis- 
takes: some in instrumentation, some introduced by the 
patient, some from peripheral devices added to the imaging 
chain, some in the preparation and administration of the 
radiopharmaceutical, 

A number of contributors are acknowledged who have 
sent in examples of the many and various mishaps that can 
occur with radionuclide imaging. The authors discreetly 
left off the individual attribution. The net result is a valuable 
book which all those engaged in day to day nuclear medicine 
departments of imaging will profit from reading. 

The contents are not indexed but set out in five main 
groups. Each illustrates the resulting image—or lack of it— 
with the minimum of text indicating the type of problem and 
its recognition and method of correction. This last is fre- 
quently the terse comment, “‘call service representative’. A 
great many are in fact due to relatively minor problems 
which can be rectified by local hospital staff rather than 
requiring the instrument-makers' engineers. The very first 
example is a series of three pictures of cracked gamma 
camera crystals. This ultimate mishap will hopefully not 
have been seen by most radiographers and technicians in 
their own experience, and one is happy to learn from the 
problems of others! Further illustrations show examples of 
photomultiplier tube misbehaviour in a gamma camera 
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head, X-Y distortion images, and pre-amplifier troubles. 
The second section. deals with the accessory imaging 
devices—formatters and polaroid and similar cameras for 
obtaining a hard copy result. Many of these are of necessity 
rather linked to a particular make of camera or scanner, and 
its mode of action—or inaction. Nevertheless, they provide a 
valuable series of artefacts, useful teaching points for any 
department. The section on technical errors is larger: 36 
examples varying from light leaks to contamination of the 
bed and from hot fingers to cold coins. These are of almost 
universal application. The related series in the fourth 
section of “‘patient-induced artefacts” illustrate the prob- 
lems with movement, prostheses, and the almost infinite 
variety of self-contamination which patients find possible. A 
final short section gives just a few examples of artefacts due 
to problems with radiopharmaceutical preparation and 
administration, 

The technicians in our own department found it both 
valuable and amusing. They were a little taken aback that 
the only remedy suggested for a technician’s hot finger 
showing up on a brain scan was to restrain the patient in a 
different way! However, they were also able to produce a 
series of fascinating artefacts not illustrated in this book and 
I suspect many departments of radionuclide imaging would 
be interested to contribute to a second edition-—even if 
anonymously. This small book can be thoroughly recom- 
mended for the coffee table in the radiographers’ rest-room. 
It certainly serves as a reminder of the almost innumerable 
possibilities for artefact during radionuclide imaging and the 


need for constant care and attention to detail. 
D. H. KEELING, 
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ABSTRACT 
The effect of overlying breast tissue on °°! Tl imaging of 
the myocardium has been studied experimentally and in two 
patients in whom normal images were only obtained after 
moving the breast out of the field of view. 


Since its use for myocardial imaging was first sug- 
gested by Kawana et al. in 1970, 2°'Tl has been used 
extensively for the study of patients with coronarv 
artery disease. T'hallium is taken up by mvocardium 
in proportion to perfusion (Strauss et al., 1975), so 
that areas of reduced activitv on scans indicate local 
reduction of blood flow. 

Several studies have demonstrated the correlation 
between perfusion defects on myocardial images and 
coronary artery disease assessed by angiography. The 
frequency with which normal scans occur in patients 
with coronary artery disease varies between studies 
(Bailey et al., 1977; Blood et al., 1978), but there 1s 
always a verv low incidence of scan abnormalities in 
the absence of coronary artery disease (e.g. Ritchie et 
al., 1977). 

The reason for false positis e scans has not been 
This 


based on 


established. report suggests 
thallium 
patients and im-vitro experiments on the physical 


properties of 201rT]. 


one possible 


mechanism, studies in two 


Case REPORTS 
Case l 

^D] imaging at rest and after exercise was performed on 
a 62-year-old woman presenting with grade three angina 
pectoris. The exercise study was undertaken first. The 
patient performed a symptom-limited exercise test on a 
bicycle ergometer and at the end-point (anginal chest pain) 
55 MBq (1.5 mCi) of *?'T] were injected intravenously and 
followed by a flushing injection of sterile saline. The patient 
was encouraged to continue exercising during and for 60 
seconds after the injection, 

Myocardial imaging was begun within eight minutes of 
injection, using an Elscint camera and a low energy, medium 
resolution collimator. The standard projections obtained 
were anterior, 45° left anterior oblique (LAO) and left 
lateral (LL). As was the custom in our department, the 
patient remained supine for all views, the camera head being 
rotated over the stationary patient. 

Anterior and LAO images were satisfactorily. obtained, 
but the LL image was inadequate in that no heart image 


*Present address: The Hospital for Sick Children, Great 
Ormond Street, London WC1 


could be readily identified. The patient was noted to have 
pendulous breasts such that in the LL image breast tissue 
was interposed between the chest wall and the gamma 
camera. The left breast was moved to the anterior chest wall 
and secured with adhesive tape. The LL view was immedi- 
ately repeated and showed a striking improvement in the 
quality of the myocardial image (Fig. 1) 
Case ~ 
The second patient was a 54-year-old woman who gave a 
two-year history of angina. Her symptoms had been 
gradually progressive despite treatment with beta-adrenergic 
blockade and in the last six months angina had occurred on 





Superior left lateral thallium scans of Case 1, showing an 

improved myocardial image with the breast strapped away 

from the held of view. (A) anterior, unstrapped. (B) posterior 
strapped. 
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walking on the level. She initially underwent cardiac 
catheterization and coronary angiography with the following 
hndings. The left ventricular angiogram was normal; the 
left main, right and circumflex arteries were also normal. 
There was a probable stenosis at the origin of the left an- 
terior descending artery (LAD) and a further stenosis in the 
LAD just beyond the diagonal branch. 

Exercise thallium studies were then performed as for 
Case 1. The anterior view was obtained satisfactorily, and 
when the LAO image was seen it showed a perfusion defect 
suggestive of a significant left circumflex artery (LCx) lesion. 
It was observed that in this view the left breast, which was 
less pendulous than in Case 1, was interposed between the 


chest wall and the gamma camera at the centre of the field of 


view. The breast was moved towards the mid-line anteriorly, 
and away from the gamma-camera field of view. The LAO 
view was then repeated immediately, with the patient 
positioned relative to the gamma camera exactly as for the 
frst LAO image. It was apparent that there was a significant 
difference in the LAO views obtained before and after 
moving the left breast (Fig. 2). 


DISCUSSION 

Low-energy photons are heavily absorbed even in 
relatively low-density media such as breast tissue 
and water. The total attenuation coefficient for 75 
keV photons in water is 0.18 cm~! (75 keV is chosen 
as the peak of the X-ray spectrum from ??' T1). The 
coefficient for such photons in breast tissue is 0.19 
cm^!, and so water can be used experimentally to 
simulate the effect of absorption by breast tissue. 

The percentage penetration through 5, 10 and 15 





n 


Fic. 2. 
45 LAO myocardial images in Case 2, showing the effect of 


altering the position of the left breast. (A) inferior, un- 
strapped. (B) superior, strapped. 


cm of water predicted by the total attenuation co- 
efficient is 40, 16 and 6% respectively, the figures 
applying to "narrow beam" conditions. That the 
theoretical penetration was applicable to our gamma- 
camera system was assessed by imaging a small 
?0I'T] source through air and then through 10 cm of 
water. The penetration through water was found to 
be 19.7%, which differs slightly from the predicted 
value (16°). 

The difference is accounted for partly by scatter- 
ing effects but also by the presence in the °°!T] 
spectrum of X rays with energies between 65 and 82 
keV, as well as higher-energy y rays of low abund- 
ance. All these factors would tend to increase the 
measured penetration. 

Figure | shows the LL images obtained in Case | 
with the breast unstrapped and then strapped. No 
quantitative analysis was undertaken, but quali- 
tatively a much clearer myocardial image was ob- 
tained when the breast was strapped away from the 
gamma camera field of view. 

Figure 2 shows the LAO image in Case 2. The 
perfusion defect which is obvious in the postero- 
lateral area of the left ventricular image is not ap- 
parent when the left breast is strapped away. Quanti- 
tative analysis of the two scans was undertaken using 
the computer light pen. 

The myocardial image with the breast unstrapped 
was divided into five regions of interest; regions | 
and 2 were over the septum, region 3 over the apex 
and regions 4 and 5 over the postero-lateral wall. 
Counts per unit area were recorded for each region. 
The drawn regions were stored and then recalled to 
overlie the myocardial image obtained with the 
breast strapped away from the gamma-camera field 
of view. The new counts per unit area for each 
region were recorded. 

For each LAO image, the region having the high- 
est count density was designated as having a count 
of 1009, and the count density in other regions was 
expressed as a percentage of this. The results are 
shown in Table I. The absolute number of counts 
per region was of the order of 30000-40000, which 
resulted in a standard deviation of the count den- 
sities of about 0.594. 

It is apparent that shifting the breast led to a con- 
siderable change in the counts recorded in different 
regions. The most obvious change was in region 4, 
which showed the highest count density in the 
image with the breast strapped, but much less 
activity compared to the septal areas on the 1mage 
with the breast unstrapped and in its normal posi- 
tion. The quantitative analysis confirmed the 
clinical impression of a perfusion defect seen only on 
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TABLE I 
QUANTITATIVE ANALYSIS OF LAO IMAGES IN Case 2. FOR 
EACH IMAGE, THE COUNTS ARE EXPRESSED AS A PERCENTAGE OF 
THOSE IN THE REGION WITH THE HIGHEST COUNT DENSITY. 
STANDARD DEVIATION OF THE COUNT DENSITIES I8 
APPROXIMATELY $°% 


Count density 


——————— O-O——— A 





Region Breast unstrapped Breast strapped 
| 1 95 88 
2 100 97 
3 92 90 
4 86 100 


| 5 | 83 88 


the LAO image with the left breast in its normal 
position. 

From the foregoing observations, it can be as- 
sumed that the penetration of thallum X rays 
through water is comparable to the penetration 
through breast tissue. As the myocardial-to-back- 
ground ratio for thallium scanning is about 2:1, 
breast tissue of 5-10 cm thickness could cause 
sufficient photon absorption to reduce myocardial 
counts to background levels. 

When breast tissue overlies the whole myocar- 
dium, a uniform reduction in counts because of ab- 
sorption of photons will produce poor-quality thal- 
lium scans. We believe this to have occurred in the 
first patient, where an initial poor-quality scan was 
improved by moving the left breast. 

When breast tissue only partly overlies the myo- 
cardium, unequal absorption of photons from the 
myocardium may give the appearance of a regional 
perfusion defect. From the angiographic findings in 


Book review 


Gynaecological Radiology. By G. H. Whitehouse, pp. 240, 
1981 (Blackwell, Oxford), £24-00. 
ISBN 0-632-00726-5 

It is a pleasure to welcome this book. It fills a gap, as no 
British book devoted to gynaecological radiology has been 
published since the second world war. 

The first quarter of the book is given over to description 
and discussion of the conventional X-ray examinations by 
both plain and contrast techniques. There is then considera- 
tion of the radiological findings in disease, taken convention- 
ally in groups: congenital, inflammatory, iatrogenic, tumours, 
etc. Succinct chapters on ultrasound and computed tom- 
ography by Dr. C. H. Wright of Abergele (late of St. 
Thomas’, London and the University of Kansas) complete 
the book. 

The substantial page size allows for a spacious display of 
the illustrations which are well-chosen and clearly show the 


Case 2 a postero-lateral perfusion defect (indicative 
of a circumflex lesion) would not have been expected. 
That this defect was a "false positive" was shown by 
repeating the LAO view after moving the left breast. 

Our conclusion is that false-positive perfusion de- 
fects may be obtained as a result of photon ab- 
sorption by breast tissue. We would suggest that in 
thallium studies on women the left breast should be 
moved away from the field of view of the gamma 
camera. Where this is not possible, as in younger 
women with firm breast tissue, perfusion defects 
should be interpreted with caution. 


ACKNOWLEDGMENTS 
We are grateful to Dr. I. R. Gray and Mr. J. A. Dyde for 
allowing us to report on patients under their care, and to 
Miss S, E. Burnett for her secretarial expertise. 


REFERENCES 

Barkey, I. K., Giierrru, L. S., ROULEAU, J., Strauss, H. W. 
and Pirt, B., 1977. Thallium-201 myocardial perfusion 
imaging at rest and during exercise. Comparative sensi- 
tivity to electrocardiography in coronary artery disease. 
Circulation, 55, 79-87. 

BLoop, D. K., McCarthy, D. M., Sciacca, R. R. and 
CANNON, P. J., 1978. Comparison of single dose and 
double dose thallium-201 myocardial perfusion scintigra- 
phy for the detection of coronary artery disease and prior 
myocardial infarction. Circulation, 58, 777—788. 

Kawana, M., Krizex, H., Porrer, J., Larugo», K. A., 
CHARLESTON, D. and Harrer, P. V., 1970. Use of TI- 
199 as potassium analogue in scanning. Journal of Nuclear 
Medicine, 17, 333. 

Rircutg, J. L., TRovuBAUGH, G. B., HAMILTON, G. W., 
Gounp, K. L., NaRAHaRA, K. A., Murray, J. A. and 
WiLLIAMS, D. L., 1977. Myocardial imaging with thal- 
lium-201 at rest and during exercise. Comparison with 
coronary arteriography and resting and stress electro- 
cardiography. Circulation, 56, 66—71. 

Strauss, H. W., Harrison, K., LANGAN, J. K., LeBOwITZ, 
E. and Prrr, B., 1975. Thalltum-201 for myocardial 
imaging. Relation of thallium-201 to regional myocardial 
perfusion. Circulation, 51, 041-645. 


relevant points. The hysterosalpingogram is particularly 
well covered. The text is common sense and deals in par- 
ticular with common lesions. This is not an encyclopaedic 
comprehensive book but one of practical value to the 
radiologist particularly working with "conventional" tech- 
niques, The aggregation of ultrasound and CT scanning into 
separate sections has advantages, although many would 
prefer a discussion of all imaging modes together for each 
clinical problem. These sections on ultrasound and com- 
puted tomography are too short to review their role fully, but 
they do give an excellent overview of their capabilities. 

The first part of the book should be considered as essential 
reading for the Part I Fellowship and the remainder for the 
Part Il. Any department carrying out gynaecological radi- 
ology will wish to have it in their library, 

J. G. B. RUSSELL. 
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ABSTRACT 

In order to investigate the combined use of radioprotec- 
tive and radiosensitizing chemicals we have used WR-2721 
and misonidazole to study their combined chemical toxicity 
and radiomodifying effects in our model using the oral 
radiation death (ORD) syndrome as the endpoint. Our data 
demonstrate that WR-2721 does protect against the ORD 
syndrome. Misonidazole does not sensitize the normal oral 
cavity to local irradiation. WR-2721 and misonidazole 
produce additive toxicity when injected simultaneously and 
the combination can provide an overall protective response 
to the ORD syndrome. We conclude that the combination 
may be potentially useful for the treatment of cancers of the 
oral cavity. 


The oral radiation death (ORD) syndrome (Quastler 
et al., 1956) occurs in the mouse when only the head 
and neck region are irradiated. This syndrome has 
been employed as our model for investigating the 
radioprotective ability of WR-2721 (S-2-(3-amino- 
propylamino)--ethylphosphorothioic acid) on the 
oral cavity structures of the mouse (Grigsby and 
Maruyama, 1980). A dose modification factor 
(DMF) of 2.1 has been achieved with WR-2721 in 
this model (Utley et al., 1978). Other investigators 
have demonstrated a DMF of 2.5 by unilateral 
irradiation of the rat parotid gland in comparison 
with the irradiated autologous control (Sodicoff et 
al., 1978). 

The radiosensitizer misonidazole has been shown 
to sensitize effectively several tumour systems to the 
lethal effects of radiation without sensitizing normal 
tissues (Denekamp and Harris, 1975). In our studies, 
we have demonstrated that there is no sensitization 
of the oral cavity mucosa of the mouse, and a twofold 
increase in the mean survival time when the buccal 
mucosa is implanted with the EM'T6/Ky tumour 
(Grigsby and Maruyama, 1980). 

Since these two drugs, WR-2721 and misoni- 
dazole, have been documented as effective in the 
mouse model, the next step is to investigate their 
effectiveness when they are both present in the same 
system. There has been recent evidence suggesting 
that there is 71 vivo compatibility of WR-2721 and 
misonidazole (Sodicoff et aL, 1979; Yuhas et al., 
1977). Here, we have examined the modification of 
the ORD syndrome due to combined WR-2721 and 
misonidazole. 
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MATERIALS AND METHODS 

All experiments were performed using isogeneic 
female Balb/c mice of ages seven to nine weeks. The 
mice were housed six per cage and fed Mouse Chow 
725015 and water ad libitum. 

Irradiations were performed using a Picker V—9 
6°Co teletherapy unit. Dose rates were measured in 
air employing a Victoreen Model 621 ionization 
chamber directly calibrated at the National Bureau 
of Standards. The mice were placed in a specially 
constructed jig to eliminate head movement during 
irradiation. Only the head and neck region was 
exposed to the direct beam while the remainder of 
the body was shielded with lead blocks. The dose 
rate was 150 cGy (rad) per minute and irradiation 
times ranged from 8 to 30 min. 

WR-2721 and misonidazole were dissolved in 
distilled water and isotonic saline respectively, 
immediately before injection. Mice receiving both 
drugs were injected simultaneously. All injections 
were performed intraperitoneally 30 min before 
irradiation. 

Statistical analysis of LDso curves was performed 
by the log-probability method (Litchfield and 
Wilcoxon, 1949). 


RESULTS 

As a result of the ORD syndrome either in the 
presence or absence of radiomodifying drugs, death 
of the mouse occurs in 10 +. 1 days. Death is due to 
diffuse mucosal damage in the oral cavity which 
ultimately leads to nutritional insufficiency. The 
upper curve in Fig. 1 represents the dose response 
relation for the ORD syndrome with single doses in 
drug-free mice and gives an LD5o19 of 1650 + 75 
cGy (rad). Mice treated with 1000 mg/kg misoni- 
dazole 30 min before irradiation also demonstrate an 
seen in the lower curve of Fig. 1. 

In order to investigate the use of combined WR- 
2721 and  misonidazole, toxicity studies were 
performed. Lethal doses of the drug combinations 
resulted in death within 72 hours. However, the 
mice were observed for a total of 30 days and the 
results werescored as the toxic LDso,3o. Figure 2 is the 
isobologram analysis of the combination of the two 
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The upper curve represents the dose-response relation for 

the ORD syndrome with single doses. The lower curve is the 

equivalent response when misonidazole (1000 mg/kg) was 
given thirty minutes before irradiation. 
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Isobologram of drug toxicity demonstrating the additive 

toxicity of WR-2721 and misonidazole. The upper curve is 

the LDsose response and the lower curve is the LDi12a;/3o 
response. 


drugs. These curves were obtained by titrating the 
toxicity levels of one drug against the other and vice 
versa. The endpoint for the upper curve is the toxic 
LDs9o;3o (r= 0.994) and that of the lower curve is the 
toxic LDjo/30 (r—0.991). These curves are linear 
along the unique line defining the additive toxicity of 
the two drugs. 

The protective effect of WR-2721 on the ORD 
syndrome LDsoio is seen in Fig. 3. The dose 
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DMF as a function of dose of WR-2721 using the ORD 
svndrome endpoint. 
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DMF as a function of combined WR-2721 and misonidazole 

using the ORD syndrome endpoint. Drug-dose combina- 

tions are ascertained by a vertical line connect ng the upper 
and lower abscissas. 
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modification factor (DMF) for the LD5o/1o endpoint 
is plotted against dose of WR-2721 administered 30 
min before irradiation with a single dose. This curve 
was produced by performing a series of LDso/10 
experiments with doses of WR-2721 ranging from 
100 mg/kg to 600 mg/kg in steps of 100 mg/kg. In 
this system a linear response is observed throughout 
the range of doses tested (r — 0.994). 

The effect of both WR-2721 and misonidazole on 
the ORD syndrome is seen in Fig. 4. Here the DMF 
for the ORD LDs2o/1o endpoint is plotted against the 
doses of the combinations of the two drugs obtained 
from the toxic LDjo/39 curve in Fig. 2. Since the 
combinations of the two drugs are chosen from the 
linear response of their combined effects, the doses 
of the two drugs used can be plotted on the same 
axis. Therefore, the dose of each drug is ascertained 
by a vertical line connecting the upper (misoni- 
dazole) abscissa and the lower (WR-2721) abscissa. 
At low doses of WR-2721 and high doses of 
misonidazole the LD59/19 is not significantly differ- 
ent from the LD9o/1o of drug-free animals as seen in 
Fig. 1. However, after an apparent threshold at 200 
mg/kg of WR-2721 and 800 mg/kg of misonidazole, 
the response is linear (r—0.997) and parallels the 
curve in Fig. 3. 


CONCLUSIONS 

'The ORD syndrome provides an excellent end- 
point for the study of normal tissues. Animal death, 
due to diffuse mucosal damage in the oral cavity, 1s 
normally distributed around day ten. Sensitization 
of normal tissue does not occur at the dose level of 
1000 mg/kg of misonidazole and we have assumed 
that sensitization would not occur at lower doses of 
this drug. 

Yuhas (1970) has demonstrated that the dose- 
response protective effect of WR-2721 is a power 
function with a plateau at high doses (500 mg/kg). In 
our system, the response is linear up to a dose of 600 
mg/kg WR-2721 and no plateau is observed. 

Studies on the combination of WR-2721 and 
misonidazole are limited. However, other investiga- 
tors (Yuhas et al, 1977) have performed toxicity 
studies of the two drugs and conclude that additive 
toxicity does not occur. Our studies demonstrate 
that definite additive toxicity (Steel and Peckham, 
1979) occurs when the two drugs are used in com- 
bination. This apparent difference may be due to the 
time sequence in which the drugs were administered. 
In our series the drugs were administered simul- 
taneously whereas Yuhas et al. (1977) injected 
misonidazole 30 min before injecting WR-2721. 

Whether the simultaneous injection of the two 
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drugs and the subsequent additive toxicity is by the 
mechanism of independent action at different sites or 
combined effects at a single site is unresolved. 

Our studies also indicate that the radioprotective 
ability of WR-2721 is reduced when used in com- 
bination with misonidazole. 'T'he exact mechanism of 
action of WR-2721 is unknown. It has been estab- 
lished that WR-2721 produces a reduction in 
peripheral oxygen tension in air-breathing mice 
(Yuhas et al., 1973). This suggests that the mecha- 
nism of action is the production of cellular hypoxia. 
It has also been demonstrated that WR-2721 must 
enter the cell in order to produce its protective 
effect (Yuhas et al., 1980). Our data indicate that at 
low doses of WR-2721 and high doses of the hypoxic 
cell sensitizer, misonidazole, the protective ability of 
WR-2721 is diminished. If the above mechanism of 
action of WR-2721 is correct, then the response that 
we have demonstrated may be due to the sensitiza- 
tion by misonidazole of the hypoxic cells produced 
by WR-2721. 

From our data we conclude that: 1) WR-2721 and 
misonidazole produce additive toxicity when injected 
simultaneously; 2) the combination can provide an 
overall protective response to the ORD syndrome; 
and 3) the combination may be potentially useful for 
the treatment of cancers of the oral cavity. 
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Radiation Protection Optimization—Present Experience and 
Methods. Ed. by A. Oudiz, G. Uzzan, H. Ebert and H. 
Eriskat, pp. 322, 1981 (Pergamon Press, Oxford/ New York/ 
Toronto), 850.00. 

ISBN 0-08-027291-6 

This volume contains the papers and the formal discus- 
sions given at a meeting in October 1979 under the aegis of 
the Commission of the European Communities in Luxem- 
burg, when some three dozen nuclear energy and radiation 
protection experts met to discuss "optimization". The 
principle is that radiation exposures of the public and 
workers should be as low as is reasonably achievable 
(ALARA), economic and social factors being taken into 
account, but the practical application. of this principle 
bristles with problems—conceptual, philosophical and 
economic. There was much discussion on the monetary 
value of a man-rem (or 0.01 man-Sievert, if you prefer) and 
what detriments from radiation should be incorporated into 
the calculation. Values of the order £100 per man-rem were 
suggested but were not agreed by all, and a speaker from 
NRPB argued that this was in any case an inherently variable 
parameter, 

Almost all the discussion centred on ALARA in nuclear 
energy, principally in respect of population doses, but there 
was also discussion of its relevance to the radiation received 
by radiation workers. The only reference to optimization in 
medicine came in a round-table discussion chaired by Sir 
Edward Pochin. It was suggested that it would not be too 
expensive to eliminate superfluous man-rem doses in 
medicine, and others suggested that a meeting to discuss this 
would be fruitful. The Chairman mentioned that in Japan, 
where cancer of the stomach is common, it can be detected 
in early and treatable stages by radiology, but an optimiz- 
ation calculation shows that population surveys of people 
under the age of 30 would probably detect fewer treatable 
cases than the number of cases of cancer likely to be caused 
by the radiation. He pointed out that, on a broader scale, 
optimization in medicine would cost a great deal of money 
on new equipment and better training of personnel, and 
doubted whether man-rems saved would be worth the costs 
involved. This reviewer would only comment that a detailed 
study might well show Sir Edward to be right, but it should 
be carried out anyway. 

This volume is in general well presented, but it is obvious 
that much of the discussion, at least, has been transcribed 
from tape by someone not well-versed in colloquial English. 
The result is that there are many obscure sentences that 
suddenly make sense when one word is changed for another 
which sounds similar. It also suffers from being a collection 
of papers, some of which represent the exercising of pet 
hobby horses, leaving the reader with the feeling that the 
subject has not been uniformly covered. It is, however, a 
welcome and worthwhile collection of papers on a subject to 
which increasing attention needs to be paid. 

5. B. OSBORN. 


Yunas, J. M., Yurconic, M., KLIGERMAN, M. M., West, 
G., and Pererson, D. F., 1977. Combined use of radio- 
protective and radiosensitizing drugs in experimental 
radiotherapy. Radiation Research, 70, 433-443. 


Environmental Health. Criteria 14: Ultraviolet Radiation, 
pp. 110, 1979 (World Health Organization, Geneva; Henry 
Kimpton, London), £4. 

ISBN 92-4—154074-8. 

This book presents the report of an international WHO 
task group which met in Geneva in 1978 to review and revise 
the document containing the third draft of criteria and to 
make an evaluation of the health risks from exposure to 
ultra-violet radiation. It is published under the joint sponsor- 
ship of the United Nations Environment Programme, the 
World Health Organization and the International Radiation 
Protection Association. 

The document, which is in eight sections, begins with a 
summary and some recommendations for further studies, 
these being drawn from areas where the committee was 
conscious of a lack of reliable data on which to base firm 
conclusions. The middle sections cover the properties and 
measurement of UVR, summaries of the biological effects on 
unicellular organisms and cultured cells, effects on vertebrate 
animals and the effects on man. The remaining sections deal 
with evaluation of the health risks for man and guide lines 
for health protection, and a bibliography of publications 
cited in the text. 

The summaries are well written and cover a very wide 
range of topics, inevitably at times rather superficially but 
adequate for the purposes of radiation safety. 

For those looking for stringent mathematical evaluations 
of dosimetry and well-defined permissible levels like those 
which exist for ionizing radiations, the document will be 
disappointing. However, there are many complexities in the 
problems for UVR which do not occur with tonizing radia- 
tion. With sunlight as the primary source, one starts with 
inescapable exposure of the whole population, with con- 
founding factors of locational, meteorological, and ethnic/ 
genetic global variations. There is also the need to balance 
the beneficial and cosmetic effects against the harmful, 
carcinogenic effects. 

Add to this the difficulties of monitoring personal exposure 
and structuring and enforcing the necessary legislation to 
control it within safe limits (maximum permissible sunbath- 
ing limits would not go down too well with the average 
holidaymaker in a British summer!) and one is faced with a 
formidable task. 

Overall, the document provides a very fair appraisal of 
these problems and some reasonable recommendations, given 
the data currently available, 


J. R. K. SAVAGE. 
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ABSTRACT 

The repair of radiation damage has been measured in 
mouse lung using an in vitro colony assay. Following a single 
dose of 10.5 Gy delivered to the lung zn vivo, we observed, 
six hours after irradiation, an increase of the fraction of 
surviving cells, which did not change further between six 
and 24 hours (repair of potentially lethal damage). A similar 
observation was made using a split-dose method (repair of 
sublethal damage). The extent of radiation repair is com- 
parable with that of other rodent cells irradiated in vivo. The 
significance of these results is discussed in relation to the 
late effects observed following irradiation of lung tissue. 


Long experience in radiotherapy has shown that 
fractionated irradiation. generally leads to an in- 
creased therapeutic ratio due, among other reasons, 
to better protection of normal tissues relative to 
tumours. This principle, established primarily with 
the skin and the mucosa of the upper respiratory- 
digestive tract, is also valid for the lung but to a 
lesser extent. Nevertheless, in terms of the mean 
tolerance dose, the lung remains one of the most 
radiosensitive tissues, even with a fractionated 
regimen (Rubin and Casarett, 1972). 

Using an in-vitro colony assay, we have shown 
previously that the inherent radiosensitivity of 
murine lung cells is comparable to that of cells from 
other tissues (Guichard et al., 1980). Thus, it does 
not appear that the intrinsic radiosensitivity of lung 
cells, as determined by short-term measurements of 
survival curves, can explain lesions occurring later in 
lungs receiving 25 Gy fractionated over many 
sessions. 

The aim of this work is to extend previous findings 
by determining the possible influence of another 
factor determining radiosensitivity, which occurs 
between sessions of fractionated irradiation, viz 
repair of radiation damage. 


METHODS AND MATERIALS 
Mice 
We used three to five week old female heterozy- 
gote nu/-i- mice maintained in a sterile environment. 


Lung cell culture 
The culture method has been described elsewhere 
(Guichard et al., 1980). Briefly, animals were killed 


by cervical dislocation and were submerged in a 
solution of 1%, cetrimonium bromide in alcohol for 
seven to ten minutes. The lungs were removed 
aseptically and minced with scissors. ‘Tissue frag- 
ments were immersed in 40 ml of calcium-free 
0.259; crystallized trypsin solution for 25 min at 
37°C with continuous agitation. Trypsinization was 
stopped by adding 8 ml of calf serum. After centri- 
fugation, the supernatant was discarded and the 
cells were resuspended in Eagle's minimum essential 
medium (MEM Earle’s salt). A suspension of single 
cells was obtained by passing the cells through a 
stainless steel filter with 18 m pore diameter. The 
cells were counted and seeded in plastic flasks 
containing HF 19 feeder cells (4x 10° cells/cm? 
which had received 30 Gy) and MEM supplemented 
with 20% fetal calf serum, 50 mg/litre kanamycin 
and 15 mg/litre gentamycin. The flasks were then 
placed in a CO» incubator at 37°C. The culture 
medium was changed six to seven days after plating; 
after ten to 12 days of culture, colonies were fixed, 
stained and counted with an inverted microscope. 


Irradiation 

Mice were irradiated in toto with 18°Cs y rays at an 
average dose rate of 1.6 Gy/min. The average dose 
rate for feeder cells was 8.0 Gy/min. The precision of 
the dose was about 4-294 in the former case and 


RESULTS 

The average plating efficiency of lung cells under 
our experimental conditions was 8.295. With this 
culture technique applied to a tissue dissected 
directly from the animal, we obtained colonies 
exhibiting mainly two morphological types, those 
composed of fibroblast-like cells and those composed 
of epithelial-like cells. These two types of colony 
were encountered in all our experiments. Controls 
yielded 4395 fibroblast-like and 51° epithelial-like 
colonies. It was previously shown that the two types 
of colony could not be distinguished by histochemi- 
cal methods (Guichard et al., 1980). The biological 


significance of these morphologies thus remains to 
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be elucidated and so it appeared preferable to 
measure radiosensitivity independently of cell mor- 
phology. 

Repair of radiation damage was studied in two 
ways. The repair of potentially lethal damage (PLD) 
was assessed by excising the lung and plating cells 
after different post-irradiation time intervals. Survi- 
val curves were generated for cells plated from lungs 
excised immediately or 24 hours after irradiation 
(Fig. 1). Parameters, calculated by linear regression 
on the logarithms of survivals, are respectively n= 
3.9, Dg—1.58 Gy, and n==2.5, Dg—2.52 Gy. The 
kinetics of repair was then studied by determining 
the surviving fraction after a dose of 10.5 Gy 
delivered in vivo followed by plating of cells at 
varying intervals between zero and 24 hours after 
irradiation. We observed a significant increase be- 
tween zero and six hours (P. « 0.05), with no further 
increase between six and 24 hours. The surviving 
fraction at 24 hours was six times higher than at time 
zero (Fig. 2). 


FRACTION 
T 


SURVIVING 
T 
ND 


Fic, 1. 


Survival curves of lung cells obtained upon excision of the 

lung immediately post-irradiation (W-——W) and 24 h post- 

irradiation (Cl-——[D). The error bars represents the 95%, 
confidence intervals (t-test). 





Secondly, we used the split-dose method (Elkind 
and Sutton, 1960) for studving the repair of sublethal 
damage with time intervals from zero to 24 hours, 
separating two doses of 5.25 Gy. In this case, cells 
were plated as soon as possible after the second dose. 
Of course, we measured both repair of PLD occur- 
ring after the first dose and the repair of sublethal 
damage occurring between the two doses. The 
surviving fraction in split-dose experiments in- 
creased significantly for intervals up to three hours, 
and there was no further change up to 24 hours. The 
surviving fraction at 24 hours was 15 times higher 
than at time zero (Fig. 3). 





SURVIVING FRACTION 


i 


Fic. 2. 


Repair of potentially lethal damage after a dose of 10.5 Gy as 

a function of the time interval between irradiation and killing 

of the animal, The error bars represents the 95%, confidence 

intervals (t-test). Each point represents the mean value for 

17, 19, 7, 11 and 20 animals at 0, 6, 8, 18 and 24 h respect- 
ively, 
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Fic. 3. 
Repair of sublethal damage as a function of the time interval 
separating two doses of 5.25 Gy each. The error bars 
represents the 95° confidence intervals (t-test). Each point 
represents the mean value for 17, 10, 15, 12, 10, 4 and 9 
animals at 0, 1.5, 3, 6, 8, 18 and 24 h respectively. 
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DISCUSSION 

The method used for preparing single-cell suspen- 
sions poses the problem of the representative nature 
of these cells; indeed, we recovered only a small 
proportion of lung cells (Guichard et al., 1980) and 
the plating efficiency was about 8.29; (41.25%, 
95% confidence interval). Two different factors are 
probably responsible for such a PE: a relatively 
aggressive cell dispersion technique and the possibi- 
lity that the colonies arise from stem cells which 
constitute only a fraction of the total cell population. 
Three experimental findings appear to be encour- 
aging: plating efficiency is relatively high compared 
with those obtained by other authors working with 
different normal tissues (for survey see Deschavanne 
et al., 1980); plating efficiency in about 15 experi- 
ments spread over a period of four years remained 
stable, as have the respective proportions of epithe- 
lial-like and fibroblast-like cell colonies. 

Measurement of the recovered dose per fraction 
(Da— Di) was the first method used to evaluate the 
extent of repair occurring during fractionated 
irradiation of normal tissues with a low turnover 
rate, such as lung (Phillips, 1972). This recovered 
dose results from the interaction of many factors, 
such as radiation damage repair, redistribution and 
repopulation. Furthermore, since the recovered dose 
itself depends on the initial dose, this concept is not 
always well adapted for comparing the responses of 
different tissues to fractionated irradiation. More 
recently it has been proposed to measure repair of 
radiation damage by the uptake of 4C-thymidine 
into the DNA of lung cells after stimulation by the 
antioxidant butylated hydroxytoluene (Meyer and 
Ullrich, 1981). Using an in vitro colony method, we 
attempted to determine the contribution of two of 
the factors which can occur between fractions: the 
repair of sublethal damage and of potentially lethal 
damage. 

Mouse lung is a rather radiosensitive tissue, since 
the lethal dose (LD) 50/180 for a single dose is about 
11 Gy. The recovered dose (Ds — Dı) is, however, not 
negligible (3.0-4.0 Gy) (Phillips and Margolis, 
1972). From this point of view lung tissue is in the 
middle zone of Phillips’ classification system 
(Phillips, 1972). Our results, too, show that repair of 
radiation damage in lung cells is not negligible. 
Although it is difficult to compare results obtained 
by different methods, it appears that the types of 
repair we describe can, at least partially, explain the 
recovered dose determined by Phillips and Margolis 
(1972). Furthermore, using the labelled thymidine 
uptake method, Meyer and Ullrich (1981) also 
demonstrated an increased proportion of prolifer- 


ating cells in animals tested 24 hours after irradi- 
ation. 

Using the split-dose method, we observed an 
increase of surviving cells, probably explained by the 
cumulative effect of the repair of sublethal damage 
and of potentially lethal damage after the first dose 
of 5.25 Gy. Under these conditions, we would expect 


doses of 5.25 Gy each, separated by 24 hours, 
calculated from the fitted curve using the formula: 


S— (5.25 Gy, 24 h) x S(5.25 Gy, 0 h). 


The observed survival fraction was greater than that 
calculated, confirming that the two types of repair 
did indeed occur together. 

The extent of repair occurring in lung cells in vivo 
can be compared with that observed in normal rodent 
tissues: mouse embryo (Ohnuma et al., 1978), mouse 
kidney cells (Guichard ef al., 1981), rat mammary 
gland cells (Gould and Clifton, 1979), capillary 
endothelium (Reinhold and Buisman, 1975) and rat 
thyroid cells (Mulcahy et aL, 1980). The same 
comparison may be made with murine or rat 
tumours irradiated in vivo (Hahn et al., 1974; Little 
et al., 1973; McNally and Sheldon, 1977; Urano et 
al., 1976; Wheeler et al., 1980). The repair of po- 
tentially lethal damage may result either in a change 
of the slope of the survival curve (Po) or in a modifi- 
cation of the shoulder, i.e. Dg. In most cases, how- 
ever, repair of PLD decreases the slope of the curve. 
The two exceptions occurring in normal tissues are 
mammary gland and thyroid cells (Gould and 
Clifton, 1979; Mulcahy et al., 1980). In these two 
cases, the results were obtained with a different 
method, and therefore it is difficult to exclude bias 
arising from a relationship between the results and 
the technique used. In the literature devoted to PLD 
repair we did not find complete survival curves 
before and after repair for all the cell lines investi- 
gated. We thus calculated the repair factor by 
dividing the fraction of cells surviving a given dose 
and plated after a certain delay by the surviving 
fraction of the same cells irradiated identically and 
plated immediately (Table I). The zero time survival 
level for these different cell lines and/or tissues was 
selected to be of the same order of magnitude, so 
that the resulting ratio could be used to compare the 
extent of PLD repair (Table I). With the exception 
of murine embryo cells, it appears that maximal PLD 
repair is comparable for all the tissues mentioned 
above. 

Using a split-dose method, Field et al. (1976) and 
Field and Hornsey (1977) demonstrated a slow 
repair, observable over a six-week period following 
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TABLE I 


REPAIR OF POTENTIALLY LETHAL DAMAGE FOR SOME RODENT CELLS 
maximal surviving fraction reached with delayed plating 


125 ,í, 704 S HEUEESHIO ite eeu e e i ice nce 
surviving fraction of cells plated as soon as possible after irradiation 


Repair factor — 


Tissue origin at Oh 


payunna V arp RA A TR TA AAA VM ta rm e E ater aire semen a aaa anas E rum erii ente eer MARTHA Ht AAT IL 


Normal tissue 
Mouse lung 


6.7 R 10:9 


Rat mammary gland 10-3 
Mouse kidney 4.4 x 107? 
Mouse embryo 1.5x 107? 
Rat capillary endothelium 2: S10" 
Rat thyroid 10-3 
Tumour cells 

EMT T6 cells 3.6 x 1073 
NCTC ascites (8 day old tumour) — 
NCTC solid tumour (> 1 cm?) _ 
MT cells 2 x103 
Nr S1 cells 2 x10? 
9L 4.7 x 1073 
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Surviving fraction 


Repair factor* Reference 


ym 
— 


This work 

Gould et al., 1979 
Guichard et al., 1981 
Ohnuma et al., 1978 
Reinhold et al. 1975 
Mulcahy et al., "1980 


R2 
unc SO be 


3.3 Hahn et al., 1974 
3.8 Little et al., 1973 
3.5 Little et al., 1973 
4.2 McNally et al., 1977 
2.9 Urano et al., 1976 
10.0 Wheeler et al., 1980 


e rt A P AA VA a t Ar rs Pier rd SHARP i qr dete 


*The different repair factors were evaluated from figures presented in the publications. 


y-ray irradiation of mouse lung. Using either split- 
dose irradiation or delayed plating, we detected no 
significant differences between the 24 hour delayed 
plating surviving fraction and the six hour surviving 
fraction. There are two reasons for which we believe 
that our results and those of Field et al. are not 
contradictory. First, our observation period was 
shorter (24 h) than theirs. Second, the slope of the 
recovery curve obtained by these authors was 
gradual and so the increase of the surviving fraction 
between six and 24 hours may be included in the 
confidence interval of our values. 

We previously showed that it is not possible to 
explain the high long-term radiosensitivity of the 
lung by the intrinsic radiosensitivity of lung cells as 
estimated by the survival curve (Guichard et al., 
1980). Indeed, the latter is comparable to those of 
many mammalian cells. The same argument is also 
valid for the repair of radiation damage, whose extent 
is of the same magnitude as that observed for many 
other tissues. 

In conclusion, it seems that there is a contrast 
between the short-term radiosensitivity of lung cells 
measured in vitro and the long-term radiosensitivity 
of lung as measured by gross reactions, It is likely 
that these gross reactions depend on other factors, 
such as damage to connective or vascular tissues and/ 
or the number and the long-term division potential 
of the stem cells of the pulmonary parenchyma. 
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Book review 


1980 (Technical Information Center, U.S. Department of 
Energy, Oak Ridge, Tenn.), $39.50 (for two volumes, not 
available separately). 

ISBN 0-87079-1 19-2 

The proceedings of this symposium on natural radiation 
reproduce the 110 papers which were presented. They were 
grouped into the 10 topic sections summarised briefly below. 

Radon in the Ground covers the work on measuring and 
calculating the movement of radon in soils and rocks and its 
emanation from them to the atmosphere. These papers 
present analyses of the important factors in the rate at which 
radon can reach the human environment. 

Seismicity and Radioactivity has only two papers and these 
discuss the monitoring of emanation rates of radioactive 
gases for use in earthquake prediction. These rates are a 
useful predictor but only in conjunction with other infor- 
mation, 

Radioactivity in the Atmosphere is influenced by meteoro- 
logical and geological conditions. This section contains 
reports on these effects and on the global distribution of 
some of the longer-lived daughters of radon. This distribu- 
tion seems also to be affected by solar activity. 

Radionuclides in Marine Systems and Radionuclides in 
Aquatic and Terrestrial Systems covers radon and radium in 
the ocean and in ground waters and their movement in soils 
due to animals and plants. Papers on radionuclides such as 
strontium 90, caestum 137 and trace metals also appear in 
these sections. 

Radionuclides in Food and Tissue contains reports on 
concentrations of radio-isotopes in food materials and in 
human tissue. One paper discusses uptake from soil by 
vegetation and another the presence of radium and thorium 
in micronodules in the thyroid of cattle. 

Penetrating Radiation Measurements includes papers on 
cosmic-ray neutrons, measurement techniques and in 


particular the use of thermoluminescence to assess natural 
background gamma radiation. 

Radiation Surveys and Population Exposure is concerned 
mostly with reports on levels in particular countries or in 
areas of unusual radiation features. 

Radioactivity in the Indoor Environment concentrates on 
radon and thoron and their decay products inside buildings. 
Most papers deal with building materials as the source of 
radon although papers on emanation from soil and natural 
rock also appear. 

Technologically Enhanced Natural Radioactivity is a 
section for studies of increased exposure to naturally occur- 
ring radiation brought about by human activity. The defi- 
nition does not always include the same range of activities— 
for example some would wish to include high-altitude flight 
in an aeroplane within the terms while others would exclude 
it since the radiation field has not been changed (the 
additional exposure resulting because man puts himself in 
the field). The papers in this section cover the redistribution 
of radioactivity by uranium and phosphate mining, the coal 
fuel cycle and industrial discharges into rivers. 

These proceedings provide a panoramic snapshot of the 
state of knowledge and the work in progress on the natural 
radiation sources in our environment as of 1978. The two 
volumes are not suitable for general reading because by the 
nature of conference papers there is a strong element of 
repetition and the reports are prepared by specialists for 
other specialists. However, using the list of paper titles as an 
index this publication can be treated as a source of basic data. 

There are papers on regulatory aspects and on remedial 
measures for the reduction of radiation doses associated 
with natural sources, as well as papers reporting research 
and survey projects. This collection of papers, bound in two 
volumes, represents a valuable reference to anyone interested 
in the subject matter—it would require a major effort to 
assemble such a comprehensive set of papers from the 
literature, 

J. A. REISSLAND, 
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By *tR. C. Chivers, *R. A. Bacon and TT. J. Bloomberg 


*Physics Department, University of Surrey and {Department of Diagnostic Radiology, Royal Surrey County 


Hospital, Guildford, Surrey GU2 5XH 
( Received March 198T) 


The ease of examination with real-time ultrasonic 
scanners, together with the provision of calipers, 
combine to make dimensional measurement of ana- 
tomical or pathological features an attractive index, 
that should ideally be independent of the operator. 
The traditional areas of application of dimensional 
(which have been 
reviewed by Chivers and Dudley, 1980) and oph- 


measurements are obstetrics 


thalmology (Thijssen, 1973), although serial measure- 


ments on the growth of tumours and measurement of 


abscesses, cysts or necrotic regions (Dale et al., 1980) 
are also of potential importance. The observations 
in this technical note are directed at the accuracy 


of the measurements made, and thus to the reliance 


that may be placed upon them. The discussion will 
be primarily concerned with situations in which the 
uniform 
echogenicity which is in marked contrast to its 


region to be measured has a rclatively 


surroundings. The obvious example of this is a cystic 
or necrotic region, although a soft-tissue mass in à 


fluid-filled region would present related problems. 
For reasons which will become clear, the discussion 
may be less appropriate for very strongly reflecting 
structures such as large gall-stones or fetal skulls. 


A CLINICAL CASE 

Our attention was focused on the problem by a 
case of a renal cyst, illustrated in Fig. 1. Examination 
with a 2.4 MHz linear array revealed an almost circu- 
lar cross section to the cyst, an appearance that was 
maintained when a second section was taken perpen- 
dicular to the first. From the caliper measurements, 
assuming a spherical volume, the volume of the cyst 
was estimated as approximately 92 ml (taking a mean 
diameter 4—41(58--2 The 


tween spherical and spheroidal assumptions for the 


55)). difference be- 
shape in the calculation of the volume was of the 
order of 0.195, so the main errors to be expected 
would derive from caliper accuracy (+1 mm), Ze. 
~6°/,, and the judgment of the operator on the limits 





Fic. 1. 


Caliper measurement of a cyst on a real-time linear array at 3 MHz. 
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of the cyst. On aspiration, the cyst gave 120 ml of 
fluid. For a discussion of the potential sources of 
error, it is relevant to distinguish (Fig. 2) between 
measurements made along the beam (longitudinally, 
x direction) and those made perpendicular to the 
beam (laterally, y direction). The error of measure- 
ment Zr in any other direction at an arbitrary angle 0 
to the y axis can be related to those in the x and y 
directions (dx, Ay) by: 


Ár —sin8dx-i-cos8dy 


(1) 


in which it 1s noted that the absolute errors are used 
rather than percentage errors. 


ACCURACY OF MEASUREMENTS 

Longitudinal measurement 

The precision of caliper measurements varies a 
little from machine to machine, but measurement to 
within --1 mm should prove possible on most 
machines. Dale et al. (1980) working at 3.5 MHz 
quote --0.3 mm, although they do not appear to give 
any information as to the origin of this figure. They 
point out, as is generally appreciated in measure- 
ments of biparietal diameter, that the appropriate 
measurement is from the first echo of any front wall 
reflection to the first echo of the rear wall reflection, 
i.e. including the thickness of the front wall echo, 
which they report to vary between 1.1 -1-0.2 mm and 
0.4--0.2 mm and which varies with the settings of 
the brightness and gain controls. In addition these 
authors tabulate the results of longitudinal echo- 
graphic measurements on fixed breast cysts, com- 
pared with measurements taken on subsequent 
sectioning. Their results are presented graphically 
in Fig. 3. The solid line represents the ideal, ie. 
echographic and sectioned measurements equal. The 
dotted line represents the line of regression of the 
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linear array 


X 
Fic. 2. 
The (two-dimensional) co-ordinates. x and y are rectangular 
Cartesian co-ordinates, respectively perpendicular and 


parallel to the linear array, while 7,@ are the corresponding 
polar co-ordinates (8 being taken from the y direction). 


echographically determined value (e) on the actual 
value (a). The line has equation 


e==0.95a—0.64 (2) 


if the two ringed points are excluded. Inclusion of 
these points yields: 


e=0.94a—0.91 (3) 


The implication of equation (3), albeit derived from 
a small sample (8), is that there is a consistent under- 
estimate of the size measured by the ultrasonogram. 
This underestimate has two components—a con- 
stant (absolute) underestimate of 0.64 mm and a 
percentage underestimate of the order of 595. The 
most obvious mechanism for the latter is a difference 
between the ultrasonic velocity in the cyst liquid 
and the calibration velocity of the machine used. A 
higher calibration velocity would lead to an over- 
estimate of the size. Machine velocities certainly vary 
by such an amount: 1540 m/s and 1600 m/s (a dif- 
ference of 4945) tend to be standard for biparietal 
diameter measurements. The velocity variation of 
normal breast tissue (e.g. Goss et al, 1978) also 
seems to be of the same order of magnitude, al- 
though no data on cystic fluid appear in this tabu- 
lation, and the effects of fixing do not appear to have 
been investigated. 

The origin of the constant error is most likely 
to derive from the technique of measurement, and 
comparison of equations (2) and (3) show that it is 
quite sensitive to the inclusion of the two ringed 
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Graphical representation of the data of Dale et al. (1980) of 
the actual longitudinal cyst dimension (a) against ultrasonic 
measurement (e). 
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block of scattering material; 
The caliper measurements are shown on the 


tissue models at 2:5 MI iz: {Aja single 


| bloc k Was 3 cni across, 


Linear scans ol 


the centra 


points. The overall conclusion ts that the total errors 
involved, which range from about 25", for the 
smallest detectable diameter of 3 mm to 13°, for a 


diameter of 7.5 mm, are quite large for laboratory 
experiments and may be amenable to reduction. It 
is difhcult to predict the accuracy that may be ex- 
The 
, due to velocity variation may prove to 
fundamental limit to 


pected im vivo due to internal movement, etc 
figure of 5°. 
be a linear measurement, 
lateral measure- 
T for 


How- 


which if it were also applicable t 
ment would indicate a limiting accuracy of 10? 
for 
to explain the 


measurements of area and 15°, volume. 


ever, this 1s inadequate original 


clinical observation. 


Lateral measurement 

The 
time scanners depends to a large extent on their 
the 
calipers may, in principle, be calibrated in a manner 


accuracy of lateral measurement with real- 


mode of operation. With linear-array scanners, 
which is independent of the calibration velocity ot 
the 


dimensions. 


machine, being derived directly from the probe 


With 


devices and phased arrays the calibration velocity ot 


rotating mechanically-scanned 


the machine has to be involved. Typical results from 


experiments using a real-time 
scanner at 2.5 MHz ai 


In each 


some linear-array 
e shown in Fig. 4. 

case the test object consisted of three 
tissue models (glass spheres suspended in silicone 


rubber) with parallel sides that produced airtight 
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! 





4. H 


(B) a single echo-free zone. In each case 


display. 


Fig.44 the two 
while 


seals under slight hand pressure. In 
outer blocks contained no scatterers, in Fig. 
4p the centre 


Case the centre block had d thickness of 30 


block contained no scatterers. In each 
-0.5 mm. 
The calipers were adjusted to measure the apparent 
the block at 2.4 MHz the 


namely that the width of an isolated block of 


width of with results 
shown, 
scattering material was overestimated and the width 
of an echo free zone underestimated by about 25° 

An explanation of these results may be suggested in 
terms of a relatively poor lateral resolution for the 
scanner, which would tend to accentuate the lateral 
extent of scattering regions This is consistent with 
the clinical case report presented. While further in- 
vestigation of these easily reproducible phenomena 
Is In progress, they have important implications for 
measurement with real- 


dimensional linear-array 


time scanners. 


CONCLUSION 

for the 
accuracy of longitudinal measurement and 25° 
the if the 
implied that linear measurements may vary between 
that ai 
an accuracy of about 30°, 
of the 


cases which a 


Using the figures mentioned above of 5", 
for 


accuracy lateral measurement, it may be 


these extremes, ea measurements would have 


and volume measurements 


ordet of $353! hese are c rtainl extreme 


e based on existing observations and 


emphasize both the caution needed in interpreting 


dimensional data from real-time scanners and the 
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need for systematic evaluation of the methods used 
in particular diagnostic situations. 

The results presented may be moderated in prac- 
tice by several factors: the differential echogenicity of 
the tissues on each side of the boundary, the shape of 
the boundary, the method of real-time scanning (ce. 
mechanical "spinner" or phased-array devices). In 
addition there are the intrinsic problems of accuracy 
when calculations are based on sampled measure- 
ments with the assumption of geometrical regularity, 
and of identifying the bounds of amorphous tissue 
masses. The clinical example quoted gave an error of 
only about 25%, for a volume measurement, which 
suggests that the figures derived from the model ex- 
periments were unduly pessimistic. However, the 
relatively poor lateral discrimination of linear arrays 
(which should not usually affect measurements of 
biparietal diameter) may severely prejudice dimen- 
sional measurements. 

The principle of using linear regression analysis on 


Book review 


Ultrasonic Tissue Characterization. Clinical. Achievements 
and Technological Potentials. Ed. by J. M. Thijssen, pp.xv-+ 
292, 208 Figs., 15 Tables, 1980 (Stafleu, Amsterdam), Dutch 
Florins 90.00. 
ISBN 90-6016—-395—8 

In November 1979 a workshop consisting of invited 
chnicians of many disciplines interested in ultrasound, a 
group of medical physicists and technologists together with 
a few engineers was held at the University of Nijmegen, the 
Netherlands, with the aim of discussing the state of the art in 
all aspects of ultrasonic tissue characterization. The 28 
participants were drawn from seven European countries 
including the United Kingdom and Ireland. The book 
consists of condensations of the lectures given at the work- 
shop. They are divided into three sections which are the 
clinical applications of ultrasound, the physics of the inter- 
action of ultrasound with biological tissue and the mathe- 
matical techniques of ultrasonic signal analysis with an 
additional lecture on instrumentation and standardization. 
A survey paper preceded each of the first two sections. 
There are 13 papers in the section on clinical applications 
starting with the same review article on tissue characteriz- 
ation activities in ultrasound by Professor H. G, Trier (Bonn) 
followed by papers on tissue characterization 1n the breast 
(two papers), gynaecology, eye and orbit, liver, thyroid, 
gastro-enterology, heart, and also papers on the ultrasonic 
assessment of the thyroid, pancreatic ultrasound, the value 
of ultrasound in urology and echography of the mediastinum. 
These papers are extraordinarily informative in spite of their 
condensation. The next section on the physics of interaction 
of ultrasound with biological tissues commences with an 
excellent and comprehensive review article by Dr. J. M. 
Thijssen on the physics and technology of ultrasonography. 


laboratory specimens to distinguish errors of cali- 
bration from those of technique has application in a 
number of areas, including obstetrics. 
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'Then come papers on the biomedical applications of acoustic 
microscopy, attenuation principles and measurement in 
tissue characterization, the principle, applicability and results 
of '"impediography'', the interference effects in the back- 
scattered signals from human tumours, backscattering- 
frequency effects and finally spectrum analysis. The next 
section is on ultrasonic signal analysis covering A-mode 
video signals, A-mode RF-signal analysis, optimal" inverse 
filtering and matched filtering and their relations to in-vivo 
echographic tissue differentiation, texture analysis of ultra- 
sonic signals in the investigation of liver disease, synthetic 
focusing methods for ultrasonic pulse-echo systems, the 
application of pattern recognition of ultrasonic sectional 
pictures of the prostate (B-mode analysis) and analysis of soft 
tissue movements, After the last section is a final paper on 
instrumentation and standardization. All these papers in 
Sections 2 and 3 and the final paper make fascinating reading 
though they present problems of comprehension to those 
who are not dedicated medical physicists and mathema- 
ticians. However, none of the methods of tissue character- 
ization described has at the present time any routine 
application in clinical practice though some show consider- 
able promise. Those who have described their research in 
this book are to be encouraged to persist in trying to reach 
their goal but in the meantime those providing an ultrasonic 
service to patients will have to continue to rely on the 
presently accepted subjective criteria for diagnosis. 

This book is unlikely to find a place in hospital radio- 
diagnostic departmental libraries, but it should be available 
from some more central library to those who have a need to 


refer to it. 
F. G. M. Ross. 
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Hippel-Lindau syndrome in identical twins 


By D. P. Wesolowski, M.D., R. A. Ellwood, M.D., R. E. Schwab, M.D. and J. Farah, M.D. 


Department of Diagnostic Radiology, William Beaumont Hospital, Royal Oak, Michigan 48072 
( Received April 1987) 


Hippel-Lindau Syndrome (HLS) is a heritable 
disease complex with autosomal dominant trans- 
mission with variable penetrance and delayed ex- 
pression (Christoferson et al., 1961). The syndrome 
is characterized by retinal angiomas, CNS haem- 
angioblastomas and cysts or solid tumours in the 
visceral organs, sympathetic chain, epididymis, lung 
and bone. Occasionally the syndrome is associated 
with hypertension, polycythaemia, diabetes mellitus, 
skin naevi and café-au-lait spots. ‘The various ex- 
pressions of the syndrome have been well described 
in several reports (Lee et al., 1977). The necessity 
of a careful multidisciplinary approach to diagnosis 
and management is stressed. 

Several large families with HLS have been studied 
(Christoferson et al., 1961; Melmon and Rosen, 
1964; Fill eż al., 1979; Lee et al., 1977) and at least 
two included sets of twins who were apparently un- 
involved by the disease (Richards ef al., 1975 
Horton et al., 1976). To our knowledge, this is the 
first report of HLS affecting identical twins and it 
illustrates some interesting aspects of the syndrome. 


Case REPORTS 
Case 1: Twin “A” 

This 27-year-old white male complained of a two-month 
history of increasingly severe occipital headaches occasional- 
ly associated with unsteadiness, blurred vision and ‘‘ampli- 
fication and dampening” of a constant sound source. Medi- 
cation was prescribed without relief. Contrast-enhanced 
computed tomography (CECT) of the head revealed 
multiple cysts in the right cerebellar hemisphere, one con- 
taining a mural nodule; distortion and displacement of the 
fourth ventricle; and moderate hydrocephalus (Fig. 14, B). 
On admission to hospital, the patient stated that the head- 
aches were increasing in severity and frequency and was 
otherwise asymptomatic. Family history disclosed that his 
father died at age 50 of “heart attack” shortly after the onset 
of severe “migraine headaches" and hypertension. A paternal 
aunt died at age 45 of "heart attack". Mother is alive with 
emphysema. Maternal grandparents died in “old age" of 


IG. F. 


(A) Contrast-enhanced CT scan of the head on twin “A” 
demonstrates hypodense lesions consistent with cysts in the 
right cerebellar hemisphere (small arrows). ‘The fourth ven- 
tricle (arrowhead) is distorted and displaced anteriorly. 
Moderate enlargement of the temporal horns is present 

(large arrows). 





(B) Scan taken 2 cm above, showing a mural nodule in one of 
the cysts (arrow). Moderate ventricular enlargement is 
present, H 
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"stroke". His identical twin is alive and well with ambly- 
opia OS since childhood. ‘Three female siblings are alive 
and well, one with a history of "collapsed lung". Physical 
examination was normal except for enlarged, tortuous vessels 
in both retinae. Fundus photography later showed bilateral 
retinal angiomas (Fig. 2). Bilateral vertebral arteriograms 
revealed six small hypervascular nodules in the cerebellar 
hemispheres and a “‘tight posterior fossa” (Fig. 3). A 2 cm 
hypervascular nodule in the upper cervical region opacified 
on the right vertebral injection only (Fig. 4). Renal arterio- 
graphy disclosed avascular masses in the right kidney and a 3 
cm mass in the left kidney with neovascularity. Computerized 
tomography of the abdomen revealed multiple cvsts within 
the pancreas and right kidney and a solid mass in the left 





Fic. 2. 


Fundus photograph on twin “A” showing a retinal angioma 
with enlarged artery and draining vein, 


ric. 3. 


Left vertebral arteriogram on twin “A”, late arterial phase. 
Subtraction lateral view disclosing three hypervascular 
nodules consistent with haemangioblastomas (arrows). 


kidney. A suboccipital craniotomy and Torkildsen shunt 
were performed with excision of three large cysts containing 
mural haemangioblastomas from the right cerebellar hemi- 
sphere. A left radical nephrectomy was performed approxi- 
mately one month later. Multiple pancreatic cysts were 
discovered and three separate small carcinomas were found 
in the left kidney along with multiple small cortical cysts. 
Laser photocoagulation treatments of both retinal angiomas 
were completed without visual loss. ‘The patient ts alive and 
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FIG. 4. 


Right vertebral arteriogram on twin A", mid-late arterial 
phase. Subtraction lateral view disclosing three additional 
hypervascular nodules in the cerebellum (hollow arrows) 
and a 2 cm nodule in the upper cervical region (solid arrow). 





Contrast enhanced C'T scan of the head on twin "B" dis- 

closing a 2.5 cm enhancing lesion in the medial aspect of the 

left cerebellar hemisphere. There is mild distortion of the 
lateral recess of the fourth ventricle on the left (arrow). 
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well approximately 20 months after discharge. Interval ab- 


dominal CT examinations have shown no change 


Twin “R” 

This 27-year-old white male was completely asympto- 
matic at the time of his initial examination. He came to visit 
his twin while the consulting present. 
Funduscopic examination enlarged left retinal 
patient was advised to see his personal 
physician. Fundus photography revealed a large left retinal 
angioma. Diminished vision, present since childhood, was 
diagnosed as amblyopia since no macular involvement by the 
angioma was present. [VU with tomography was reported as 
normal. Computerized tomography of the head revealed a 


2.5 cm mass in the left cerebellar hemisphere and mild dis- 


( ‘ase 2 


neurok MEIST Was 
revealed 


vessels and the 


tortion of the fourth ventricle (Fig. 5). On physical examin- 
ation, cysts of the left epididymis and very small pigmented 
naevi on the hands were discovered. A vertebral arteriogram 
revealed a 2.5 cm hypervascular mass in the left cerebellar 
hemisphere (Fig. 6). A renal arteriogram revealed two 
avascular masses in the left kidney consistent with cysts. 
Computerized tomography of the abdomen revealed three 
discrete lesions in the left kidney consistent with cysts | Fig. 
7). Ultrasound guided aspiration of the two larger cysts 
yielded clear, straw-coloured fluid with negative cytology. 
Radiographs showed lobulation of onc cyst wall. A sub- 
occipital craniotomy and excision of a 2.5 cm haemangio- 
blastoma from the left cerebellar hemisphere were per- 
formed. Follow-up CT of the abdomen six months late 
revealed enlargement and increased density of one of the 
left renal cysts. A pancreatic cyst was also seen (Fig. 8). A 
renal arteriogram revealed a 3 cm mass with neovascularity 
in the left kidney. Avascular masses were present in the 
upper and lower poles (Fig.9a, B). At operation, aspiration of 
the pancreatic cyst yielded clear fluid with negative cytology. 
\ left radical nephrectomy was performed. Sectioning of 
the gross specimen revealed a 3 em “cyst within a cyst” in 
the upper pole, a 2.7 cm haemorrhagic nodule in the mid- 
portion and a 4 mm solid orange nodule beneath the capsule, 


and multiple small cortical cysts (Fig. 10). Microscopy 





Left vertebral arteriogram on twin “B", late arterial phase. 
Subtraction lateral view disclosing a 2.5 cm hypervascular 


mass in the region of the left cerebellar hemisphere. 


demonstrated carcinoma in the two solid nodules and in the 
wall of the “‘cyst within a cyst”. The cortical cysts had ir- 
regular contours of the lining with numerous papillary in- 
toldings and areas of cuboidal clear cell lining, sometimes 
several thick, suggesting neoplastic proliferation. 
Follow-up C'T of the abdomen at six-month intervals has 


layers 


dis lose d no new masses 





Initial contrast-enhanced CT scan of the abdomen on twin 
“B” disclosing discrete hypodense lesions arising from the 
cortex of the left kidney (arrows). A cursor 1s seen in the 
larger of the lesions. Density measurements were consistent 


with cysts 





| of the abdomen on twin "B" dis- 


six-month Follow -up ( 


closing enlargement and increased densitv of the lesion in 


aspect ol th« left kidney (large arrow). 
| 


lesion on the anterior aspect ot the 


the postero-lateral 
‘The small hvpodens« 


kidney appears unchanged (small arrow). 
P] 
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A bic. 


(a) Selective lett renal arteriogram performed on twin 


y. B 


“B”, Arterial phase discloses neovascularity in the mid-portion of the 


kidney (small arrows). Avascular masses are seen in the upper and lower poles (large arrows). 


(B) Parenchymal phase discloses a solid tumour nodule in the mid-portion (open arrow) and well circumscribed avascular 
lesions consistent with cysts in the upper and lower poles (closed arrows). 


Tissue cultures and chromosomal analyses of the hae- 
mangioblastomas removed from both patients were perform- 
ed as part of an on-going study of chromosomal abnormalities 
in brain tumours. The karyotypes showed a Robertsonian 
translocation involving chromosomes 13 and 22 (45, XY, t 
13:22). Identical karyotypes were obtained from leucocvte 
cultures in both patients, as well as the mother and one sister, 
examined in the course of genetic counselling. 


DISCUSSION 

Contrast enhanced computed tomography of the 
head is a useful, non-invasive modality which should 
be used in the initial evaluation of patients sus- 
pected of having haemangioblastomas and in a 
symptomatic patient at risk for HLS. The larger 
solid tumours and cysts are well demonstrated 
along with associated mass effects including hydro- 
cephalus. Occasionally, mural nodules are demon- 
strated. The angiographic findings in twin “A” 
support previous reports stating that arteriography 


is more sensitive and specific in defining the smaller 


nodules and characterizing the lesions (Seeger et al., 
1981) (Figs. 3, 4) Additionally, selective injection of 
both vertebral arteries is essential to evaluate fully 
for the presence of lesions in the cervical region 
which may receive their arterial supply from only 
one side (Fig. 4). 

Multifocal renal cell carcinomas associated with 
multiple cortical cysts were discovered in both 
patients. Carconoma was present in twin "A" at the 
'B" de- 


veloped a solid mass from an apparent cyst approxi- 


time of his initial presentation w hile twin 


mately six months later and was shown to have 
carcinoma in the walls of other cysts. The reported 
incidence of renal carcinoma in patients affected with 
HLS ranges from 12 to 83%, (Fill et al., 1979; Lee ef 
al., 1977). The carcinomas are often multifocal, bi- 
lateral and contained within cysts (Pearson et al., 
1980). Careful evaluation of the kidneys is essential 
as soon as the patient is identified as being affected 


985 


VoL. 54, No. 647 


Casi reports 





Fig. 10. 


Photograph of the gross specimen removed from twin “B”. 

A “cyst within a cyst” is seen in the upper pole, a haemor- 

rhagic tumour nodule is seen in the mid-portion, and a small 
cortical cyst 1s seen in the lower pole. 


with HLS. It is mandatory to perform renal arteri- 
ography in these patients even if intravenous uro- 
graphy and nephrotomography is negative. It is 
suggested that bilateral renal ateriograms be per- 
formed at the time of vertebral arteriography when 
feasible. The angiographer must be alert for hyper- 
tensive episodes which may occur in the presence of 
coexistent (Hessel et al., 
1979). 

Computerized tomography of the abdomen is a 


phaeochromocytomas 


sensitive, non-invasive modality which can be used 
to screen asymptomatic patients for the development 
of carcinoma. It has been suggested that CT of the 
abdomen be performed as the initial screening test 
in patients at risk, followed by yearly scans if renal 
lesions are identified (Levine et al., 1979). If other 
tests, such as ultrasonography or cyst aspiration, are 
equivocal, more frequent CT scans are necessary. A 
changing pattern of any lesion is an indication for 
renal arteriography. 


Once an individual has been identified as affected 
by HLS, the other members of the family, especially 
twins, should be evaluated for the disease. The ex- 
pression of HLS at earlier ages in subsequent 
generations has been observed in some of the studies 
of large affected families (Christoferson et al., 1961; 
Lee et al., 1977). Since the father and paternal aunt 
were presumably affected in their fifth decade and 
the two patients in this report were affected in their 
third decade, this phenomenon of genetic antici- 
pation may have been present. It has been observed 
that patients harbouring brain tumours of different 
histological types have a higher incidence of numeri- 
cal and/or structural chromosomal abnormalities in- 
volving chromosome 22 than can be explained on a 
statistical basis (AlSaadi and Latimer, 1980). What 
effect, if any, the presence of the abnormal karyotype 
in the present family had on the expression of the 
syndrome is conjectural. Further studies of posssible 
effects of chromosomal abnormalities on the expres- 
sion of the syndrome may be helpful, particularly in 
regard to genetic counselling. 
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An intracardiac foreign body: diagnosed non-invasively and removed 


non-surgically 


By J. Davies, M.R.C.P., R. Alvares, M.D. and D. J. Allison, B.Sc., M.D., F.R.C.R. 
Departments of Clinical Cardiology and Diagnostic Radiology, Royal Postgraduate Medical School, 


Hammersmith Hospital, London W120HS 
(Received February 1987) 


The hazards of retained catheter fragments are 
significant and in a recent review of the literature 16 
well-documented fatalities were reported (Fisher and 
Ferreyro, 1978). In 12 of these 16 cases, catheter 
fragments were lodged in either the right atrium, the 
right ventricle, or both. Five patients died because of 
perforation of the heart; four from sepsis; three from 
pulmonary emboli; two from cardiac arrests second- 
ary to arrhythmias, one from monilial endocarditis, 
and one from a perforated heart valve. ‘The latter 
patient was also found to have a mycotic aneurysm of 
the pulmonary artery. Fisher and Ferreyro calcu- 
lated the overall potential risk of death or serious 
complications from retained catheter fragments to be 
7195. They emphasized that although patients may 
remain well initially, catastrophes can occur several 
months or even years after embolization. 


Case REPORT 

A 27-year-old male Ghanaian was transferred from Accra 
to the Hammersmith Hospital with an 11-day history of 
abdominal pain followed by constipation, fever, dehydration 
and jaundice. On admission he was confused, pyrexial and 
jaundiced. His abdomen was distended and painful with 
ascites and massive hepatomegaly. Abdominal ultrasonogra- 
phy suggested the presence of five large cystic lesions in the 
liver, and hepatic angiography showed displacement of 
vessels around these lesions with no evidence of a tumour 
circulation. Percutaneous needle aspiration of one of these 
lesions yielded fluid containing large numbers of Entamoeba 
histolytica. 

In view of the advanced nature of his illness, it was felt 
that surgical drainage of the abscesses coupled with metro- 
nidazole therapy was the treatment of choice. A laparotomy 
was performed and several large amoebic abscess cavities 
were evacuated. In the initial post-operative period the 
patient remained very confused and parenteral nutrition was 
administered through a central venous catheter (14G Bard 
catheter) This catheter was introduced through a large 
needle into an antecubital vein. The needle was withdrawn 
following the successful introduction of the catheter, a 
plastic needle guard positioned over the needle tip, and the 
catheter, guard and needle strapped firmly to the forearm. 
'The patient remained seriously confused and one evening he 
pulled out his central line, snapping it and leaving behind 12 
cm of catheter, which then migrated to the heart. À plain 
chest radiograph was reported as normal, but an echocardio- 
gram strongly suggested the presence of a large foreign body 
within the right ventricle (Fig. 1). This finding was later 
confirmed by ciné-fluoroscopy which showed a 12 cm faintly 
radiopaque catheter fragment within the body of the right 
ventricle extending through the main pulmonary artery to 
the left pulmonary artery. As his general post-operative 
condition was still stabilizing and he had no immediate 


problems relating to this retained plastic catheter, it was 
decided that emergency removal of the retained fragment 
was not necessary. 

'The patient had made excellent progress on metronidazole 
following surgical drainage and two months later a repeat 
ultrasound study showed that his liver had returned 
virtually to normal. Five weeks post-operatively, when he 
was well and asymptomatic, he was readmitted for an 
elective transvenous removal of the retained intracardiac 
catheter. 

When a radiological technique is used for the removal of 
retained intravascular fragments they are usually retrieved 
by slipping a wire snare over one end of the fragment. This 
method could not be employed in the present case, however, 
as both ends of the retained piece were apparently embedded 
in endothelial surfaces and a modified technique was devised 
for its removal. An endocardial biopsy sheath (9 French 
gauge) was introduced through a right femoral venotomy. À. 
catheter with a deflectable tip (Medi-tech), was passed 
through the sheath until it protruded 5 cm beyond its tip. 
Catheter and sheath were then advanced together to the 
right ventricle; the free deflectable tip was wound tightly 
round the retained catheter fragment and then pulled back 
against the sheath so that the captured fragment could not 
escape. Sheath, steerable catheter and retained fragment 
were then withdrawn together through the femoral venotomy 
(Fig. 2). So far as we are aware this technique has not been 
described previously. Recovery from the procedure was 
uneventful, 


DISCUSSION 

Extreme care must be employed when indwelling 
catheters are used in confused patients. Even when 
the needle used for introducing the catheter is 
correctly sheathed (as it was in the present case), the 
patient can cause the needle guard to become 
detached, and this may result in the catheter 
becoming severed. Attention has been drawn to this 
hazard in a recent Medical Defence Union Report 
(1979), and there have been previous reports of 
similar complications (John, 1972). Consideration 
should clearly be given to the correct choice of 
catheter and introducing svstem in seriously con- 
fused or unco-operative patients. 

The first recorded case of embolization of a 
catheter fragment was in 1954 (Turner and Som- 
mers). Surgical removal was the only method avail- 
able until 1964, when a steel guide wire fragment was 
removed non-surgically from the right atrium 
(Thomas et al), following which the transvenous 
technique was quickly adopted by others (Dotter 
et al., 1971). The technique described in the present 
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An echocardiographic “sweep” from aortic root to left ventricle showing continuous bizarre extraneous echoes within the 
body of the right ventricle extending to the right ventricle outflow tract. The echox ardiogram is otherwise normal. 


where the ends of the retained fragment are embed- 
ded in endothelium, or anatomical structures such as 
valves, and in cases where the retained fragment is 
only faintly radiopaque, making fluoroscopic identi- 
fication of a free end of the fragment extremely 
difficult. 

Temporary and permanent pacemaker wires have 
frequently been demonstrated on the echocardio- 
gram but the detection of a “lost” intravenous 
plastic feeding catheter by this method has not 
previously been reported. These catheters are only 
fantly opaque and a detached fragment may be 
undetectable on a standard chest radiograph if, as in 





the present case, it lies within the dense cardiac 
Fic. 2. silhouette. We would therefore suggest that echo- 
Post-removal photograph showing the fragment of detached cardiography may be a simple, quick and non- 


catheter ensnared by the tip of the steerable catheter. hu AE C i N : 
à; invasive aid to diagnosis if this problem is suspected. 
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Cementifying fibroma (so-called 'cementoma") of tibia 


By *J. J. Kolář, M.D., Sc.D.,1V. Horn, M.D., Sc.D., *H. Zídková, M.D. and *J. Sprindrich, M.D., Sc.B. 
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University Hospital Brno, Pekařská 53, Czechoslovakia 
(Received April 1981) 


Cementifying fibroma of long tubular bones is an ex- 
tremely rare condition known also by the name of a 
"cementoma" otherwise used for tumours of true 
dental origin in the jaws (Adkins et al., 1976). It has 
been reported in less than ten children or adolescents, 
mostly in the femur or humerus. The lesion usually 
occupies the whole diameter of the bone, mostly the 
meta-diaphysis and has a radiographic appearance of 
a multi-cameral bone cyst. Some dense areas may be 
seen within this translucency, sometimes close to its 
inner surface. 


Cask REPORT 

A 24-year-old man presented in April 1979 with pain of 
three years’ duration, which did not disappear after the re- 
moval of a loose bodv, due to osteochondritis dissecans, and 
a torn internal meniscus from the left knee in 1978. At 
physical examination, a slight prominence, not apparent, 
was felt on the anterior tibial surface. Clinical and laboratory 
reports were otherwise normal. Radiographically (Fig. 1) a 
central, 10 cm long cystoid radiolucent lesion with expansion 
was found in the upper tibial diaphysis, delineated by a 
sclerotic margin. It was incompletely divided by septa and 
contained several dense deposits. Angiographically (Fig. 2) 
somewhat broader arterial vessels were straightened over the 
tumour area, due to its expansion. No pathological vessels, 
precocious venous return or a positive tumour stain were 
noted. 

The lesion was curetted on May 22, 1979. The cavity con- 
tained a mixture of loose tissue with harder remnants and 
a small amount of fluid. The defect was packed with bone 
chips and the patient made an uneventful recovery with no 
subsequent trouble at the last review in 1981, 

Microscopically (Figs. 3 and 4) a differently proliferating 
fibrous tissue was found with dense cementicles which did 
not exhibit any close relation to fibroblasts. Their concentric 
structure and separation from adjacent cells support the 
conclusion that the cementicles arise in the intercellular 
matrix due to non-explained physico-chemical influences. 


DISCUSSION 

"Cementomas' of long bones have been described 
both clinically and microscopically by Friedman and 
Goldman (1969), Spjut et al. (1974) and Mirra et al. 
(1978). All their patients were under the age of 20 
years and the lesion was localized in the upper meta- 
physis of femur or humerus, causing a pathological 
fracture. Microscopically, the lesions contained a 
peculiar, poorly cellular substance which mimics 
tooth cementum by light microscopy only. Friedman 
and Goldman (1969) believed that due to the em- 
bryonic multipotentiality of neoplastic cells and 
mainly metaphyseal cells in young individuals a 
cementum-producing response to environmental in- 
fluences may be induced. Also Mirra et al. (1978) 
consider this entity not a separate entity; they be- 
lieve it is a peculiar form of a bone cyst. Electron- 
microscopic studies of the cementum-like substance 
demonstrate collagen fibres and numerous matrix 
vesicles at the initial sites of calcification of such 
"cementicles". Such vesicles are never found in true 
cementum in the jaws. 

This new observation of this rare entity differs 
from others by its localization (diaphysis of a long 
bone, not a metaphysis) and a somewhat higher age 
of the patient (usually the tumours were encountered 
after a fracture before the age of 20). Radiographic 
appearances and microscopic findings are otherwise 
consistent with the findings reported by the above- 
mentioned authors. For the first time an angio- 
graphic picture of this lesion is documented in the 
literature, showing its benign nature. Until now, a 
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FIG. 1. 
AP and lateral plain films show an expanding transluscent central lesion with a sclerotic border in the proximal tibial dia- 
physis. Incomplete septa and several densities within the tumour area. 
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The capillary phase of an AP angiogram documents periosteal hypervascularization at the level of the expansion. The earl 
arterial phase on the lateral angiogram shows an increased number of dilated arteries, running to the tumour area and straight- 
ened over it 
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The cellular part of the cementifving fibroma with prolifer- 
ating fibroblasts and basophilic oval and dentate cementum- 
like formations (HE stain, 320), 


pathological fracture was the only complication ever 
reported in the world medical literature of this be- 
nign lesion. The microscopic examination of our 
patient allows the postulate that it has nothing to do 
with a true ' 
be considered as an independent entity with a poss- 


‘cementoma”’ in the jaws and it should 
ible linkage to bone fibromas. 
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Metastatic disease to the carpus 
By P. C. Cary, M.D. 


D 





The less cellular fibrous part of the lesion with highly 


mineralized ‘“cementicles” (HE stain, x 320). 
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Metastatic disease, previously believed not to occur 
distal to the elbow and knee, has been well documen- 
ted in the phalanges (Kerin, 1958; Gold and Reefe, 
1963; Mangini, 1967; Wu and Guise, 1978; Vancura 
et al., 1960). Bronchogenic carcinoma is frequently 
the associated primary tumour (Kerin, 1958). How- 


Francisco. San Francisco, CA 94143, USA 


ever, at least one well known current textbook still 
states that metastases to the carpus are unknown 
(Greenfield, 1975). This paper presents a review of 
the world literature as well as three new cases of 


carpal metastases. 
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Case REPORTS 
Case ] 

\ 32-year-old woman with infiltrating ductal carcinoma 
of the right breast had four of 28 positive lymph nodes and 
a negative bone scan at the time of surgery. Fourteen months 
later she presented with pain in the right thumb, a positive 
bone scan in that area, and the radiographs shown in Figs. | 
and 2. HOps* and subsequent surgical removal olt th« 
trapezium confirmed the presence of metastatic breast 


carcinoma 





ric. 2. Case 1. 


Note the osteolvtic destructive involvement of the proximal 
radial aspect of the trapezium with absence of the bons 
Case ? cortex. There is also prominent distal osteoporosis 

L4 


A 34-year-old man with known bronchogenic carcinoma 
of the lung complained of left wrist pain. Radiographic 
examination was normal. Repeat examination four months 
later (I Ig. 3) showed destruction of the lesser multangular 
and distal capitate, with disuse osteoporosis of the phalanges 


Biopsy revealed metastatic carcinoma of the lung 


( ase 3 

\ nine-vear-old temale with osteogenic sarcoma of the 
distal right femur presented with left wrist pain. Y film of 
the carpus (Fig. 4) showed an osteoblastic lesion of the 
scaphoid with diffuse osteoid proliferation on the radial side. 
"Uurger* conhirmed the diagnosis ot Osteogenic sarcoma 


DISCUSSION 

The discovery of metastatic disease to the hand 1s 
no longer a raritv; indeed, lesions of the distal 
phalanx now elicit a suspicion which has led to the 
discovery of many occult pulmonary malignancies 
(Kerin, 1958). However, destructive or osteoblastic 
processes in the carpus do not routinely raise the 
same possibilities, probably because of their relative 





infrequency. Of 3000 patients with malignancies, 
only two had metastases to the hand (Gold and 
Reefe, 1963), and in the world literature. we are 


There is marked destruction of the distal capitate and 


aware o1 a total of only SIX previously reported Cusecs trape zod. with surrounding OSteoporosIs. 
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TABLE I 














| 


Case Author | Appearance | Site Primary tumour | 
| Vancura et al, Osteolytic Proximal left scaphoid Lung 
2 Kerin Osteolytic Right scaphoid capitate, trapezium and 
trapezoid Breast 
3 Smith Osteolytic Right trapezoid Lung 
B Lochovsky and Pavlanski Osteolytic | Left lunate Lung 
5 Wu and Guise Osteoblastic | Right scaphoid Humerus 
6 Dolich et al. Osteolytic Scaphoid, trapezium and triquetrum Lung 
7 Cary etal. Osteolytic | Right trapezium Breast | 
8 Cary et al. Osteolytic Left trapezoid and capitate Lung | 
9 Cary et al. | Osteoblastic Left scaphoid Femur | 
| 





Fic. 4. Case 3. 


Osteoblastic increased density characterizes this scaphoid, 
with prominent proliferative new bone extending radially 
and distally into the carpal Joint space. 


involving the carpus (Kerin, 1958; Mangini, 1967; 
Vancura et al., 1960; Dolich et al., 1970; Lochovsky 
and Pavlanski, 1966). To this we add three new 
cases; the sites of involvement, radiographic appear- 
ance, and primary tumour are indicated in ‘Table I. 

Several facts emerge from this. Seven of the nine 
(7894) are purely osteolytic, destructive lesions. The 
osteoblastic lesions both represented osteogenic 
sarcoma. While it is theoretically conceivable that 
these two represent second primary malignancies, 
the unusual location and presence of these metastatic 
lesions elsewhere both support their being carpal 
metastases. 

Of the seven osteolytic carpal lesions, five were 
from a lung primary and the remaining two metasta- 
sized from the breast. Thus the lung represented the 
source of the carpal metastasis in five of nine cases 
(56%), a finding commensurate with the overall 
frequency reported in the hand (48°, ). 











The differential diagnosis of a carpal lesion is 
facilitated by assessing osteolytic and osteoblastic 
appearances separately. Osteolytic destructive lesions 
of the carpus most commonly represent ostoe- 
mvelitis. Pyogenic infection can be expected in most 
cases to show a more rapid course, while an indolent 
infection may be characterized by more widespread 
osteoporosis and perhaps sclerotic margination. 
Clinical evidence will obviously be helpful in differ- 
entiation. 
subchondral show a well- 
delineated sclerotic border, and are associated with 
rheumatoid arthritis, degenerative disease, aseptic 
necrosis, and calcium pyrophosphate deposition 
disease. The sharp margination and ancillary find- 
ings of these entities allow differentiation from 
metastasis. 


Geodes, or cysts, 


Sclerotic lesions of the carpus with new bone 
formation are suggestive of osteogenic sarcoma, 
either primary or metastatic. Osteoid osteoma may 
produce dense cortical bone, with or without a 
central translucent nidus, but will not show an 
osteoid matrix in the adjacent joint spaces. Chronic 
osteomyelitis, in the form of a Brodie’s abcess, 
closely mimics osteoid osteoma, but again without 
adjacent osteoid matrix. Avascular necrosis presents 
as a dense carpal bone or fragment of a carpal bone, 
but osteoid is again absent and an appropriate history 
such as antecedent trauma or corticosteroid therapy 
is usually present. Finally, Paget’s disease character- 
istically causes bony enlargement, and may be 
osteolytic, osteosclerotic, or mixed. Paget’s disease 
does not produce an osteoid matrix unless it has 
undergone sarcomatous degeneration. 
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Recurrent blunt trauma to the palm of the hand may 
result in trauma to the ulnar artery. The combination 
of signs and symptoms of ischaemia of the hands and 
fingers secondary to recurrent trauma has been 
termed the hypothenar hammer syndrome. Constant 
striking of the hypothenar eminence hammers the 
distal ulnar artery and its superficial palmar branch 
against the hook of the hamate bone. Pathologically 
this will result in arterial spasm, 
aneurysm formation. The syndrome was first de- 
scribed by Conn et al. (1970), who noted the relation- 
ship with occupational trauma in their series of 11 


thrombosis or 


patients. We have recently encountered two further 
cases which illustrate the tvpical appearances and 
value of arteriography in this condition, 


Case REPORTS 
Case 1 
A 31-year-old carpenter presented with a one-week history 
of progressive coldness and tingling in the right ring and 





Fic. 1. 


Occlusion of ulnar artery proximal to the hook of the hamate 
(arrow). Non-filling of superficial palmar arch, 


little fingers. He used his hand as a “hammer” frequently 
during work. On examination the right ring and little fingers 
were cool and there was cyanosis along the ulnar border of 
the little finger. Radial and ulnar arterial pulses at the wrist 
were normal. Arteriography via the transfemoral route 
demonstrated a normal aortic arch and axillary artery. 
Angiograms of the hand using warming of the distal limb, 
a vasodilator and macroradiographic technique confirmed 
occlusion of the distal ulnar artery just proximal to the hook 
of the hamate (Fig. 1). There was also non-filling of the 5th 
digital artery. The patient was subsequently treated by 
sympathectomy with good result. 


Case 2 

A 40-vear-old man was admitted with a one-week history 
of paraesthesiae tn the right middle finger. Five days prior to 
admission he had noticed discoloration of the skin of this 
finger. He worked as an engineer and had experienced 
repeated minor trauma to his hand in the past. Examination 
revealed bluish discoloration of the skin over the distal right 
middle and little fingers. All pulses were normal. Arteri- 
ography (Fig. 2) showed poor filling of the distal arteries of 
the middle finger with occlusion of the ulnar artery adjacent 
to the hook of the hamate. The patient made progressive 
improvement following sympathectomy. 





Fic. 2. 


Occlusion of ulnar artery proximal to the hook of the hamate 
(arrow). Non-filling of superficial palmar arch. Marked 
narrowing of deep palmar arch adjacent to 4th metacarpal. 
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ANATOMY 

The normal angiographic anatomy of the hand 
was reviewed by Calenoff (1972). The anatomy is 
complex and subject to individual variation. The 
common palmar digital arteries provide the major 
blood supply to the fingers. They arise in the meta- 
carpal spaces from the superficial palmar arch. The 
latter is the major terminal branch of the ulnar artery 
which bifurcates into superficial and deep palmar 
branches in a groove (Guyon's tunnel) bounded 
medialy by the pisiform bone and hook of the 
hamate and laterally by the transverse carpal liga- 
ment. For its proximal 2 cm it is vulnerable to 
trauma, being superficial in the palm covered only by 
skin, subcutaneous tissues and the palmaris brevis 
muscle. The superficial arch is present and complete 
in 70%, of individuals, joining the superficial palmar 
branch of the radial artery. The deep palmar arch 
is a major terminal branch of the radial artery. It 
gives rise to a number of palmar metacarpal arteries 
which anastamose with common palmar digital ar- 
teries. The deep palmar arch is less variable than the 
superficial, being complete in over 909; of cases. 

The occurrence of ischaemic symptoms following 
occlusion of the ulnar artery or its superficial palmar 
branch will depend on the completeness of the arch 
as well as upon collateral circulation from terminal 
branches of the radial artery. 


DISCUSSION 

Symptomatic digital ischaemia involving the 
dominant hand of a male patient who presents with 
a history of recurrent minor blunt trauma to the hand 
suggests the diagnosis of the hypothenar hand 
syndrome. Little and Ferguson (1972) noted that 
ulnar artery occlusion is not uncommon in popu- 
lations subjected to occupational trauma, although 
symptoms may not be severe enough to seek medical 
advice. They studied 79 mechanics who admitted to 
recurrent “hammering” using their palms. In 11 of 
these men, Doppler flow detection studies showed 


evidence of ulnar artery occlusion. All admitted to 
mild symptoms often exacerbated by cold but none 
showed obiective evidence of ischaemia. 

Arteriography is necessary for anatomical local- 
ization and confirmation of the diagnosis although 
Doppler detection only was preferred by one group 
(Kleinert and Volianitis, 1965). Brachial arteri- 
ography was used by Benedict et al. (1974) but we 
prefer a transfemoral approach since a cause of 
proximal arterial disease can be excluded by arch 
aortography and selective axillary arteriography 
when necessary. We have also found vasodilator 
drugs and warming of the affected hand useful in 
obtaining fine detail. The typical angiographic 
abnormality is occlusion of the ulnar artery at the 
point where the vessel crosses the hamate bone. 
Other features can include occlusion of the super- 
ficial palmar arch and single or multiple digital artery 
occlusions. 

Although the use of stellate ganglion block has 
provided temporary improvement, the surgical treat- 
ment of choice is sympathectomy. Good post- 
operative results were obtained in both our cases 
using this technique. 
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The importance of radiological monitoring after oesophageal intubation 
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Celestin pulsion and traction tubes (Celestin, 1959; 
1978) are frequently used in the treatment of both 
malignant and benign strictures of the oesophagus. 


Occasional late complications of intubation include 
dislodgement of the tube, which may be passed in- 
tact from the anus, and also fragmentation of the 
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tube (Mackenzie et al., 1976; Rao, 1978; Brown and presence of a single radiopaque marker line in some 
Hughes, 1979; MacGowan, 1980) which may have models, while others are radiopaque throughout. 
serious consequences. The tubes are made of activated latex rubber, rein- 

Radiological monitoring of the position and in- forced by a tightly wound spiral of nylon (Fig. 14); 
tegrity of these tubes is made possible by the following tube fracture the nylon unwinds but 
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Celestin pulsion tube. (4) Intact tube. (B) Fractured tube showing intact connecting nylon thread. 
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remains intact to form a connection between the two 
fragments (Fig. 1B). As the distal fragment passes 
down the bowel, the nylon may become taut within 
the lumen and lead to pressure necrosis of the wall 
the so-called “‘cheese-wire”’ effect, ‘This may then go 
on to perforation (Shaw and Coombes, 1979; 
Laughlin and Walker, 1980; Meyer and Zannit, 
1980). Radiological diagnosis of tube fracture 1s 
therefore of the greatest importance, in order that 
early operation may be performed in these cases. 
Such diagnosis is a simple matter if a large portion 
of the tube has passed distally, but if a small frag- 
ment has separated, only a high index of suspicion 
and careful radiological search may reveal the com- 
plication. 

We describe a case of migration and fracture of a 
Celestin tube following which the patient died, 
Post-mortem examination revealed full thickness 
necrosis of the small bowel wall with peritonitis. 


Case REPOR 
A 79-vear-old man presented with a two-month history of 
dysphagia, and was found on endoscopy to have a carcinoma 
of the oesophagus at 30 cm. Following biopsy, the lesion 
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Main body of fractured tube in stomach. Distal separated 
fragment lying in right iliac fossa. 
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was dilated, and a 15 cm Celestin pulsion tube inserted. ‘The 
patient obtained good relief from his dysphagia, and re- 
mained asymptomatic for seven months. He then com- 
plained of further dysphagia and arrangements were made 
for a barium swallow. The following day, however, he re- 
turned because of epigastric pain, and was admitted to 
hospital. Examination revealed vague epigastric tenderness, 
but there were no other abdominal signs. A barium study 
was performed, and showed the Celestin tube to have 
migrated to the stomach; but the radiopaque marker on a 
separated fragment of the tube, lying in the right iliac fossa, 
was not noted (Fig. 2). Elective surgical removal of the tube 
from the stomach was therefore planned, but the night 
before the operation the patient's condition deteriorated 
suddenly. He became profoundly shocked and died. 

A post-mortem examination revealed that the Celestin 
tube had fractured, and the distal fragment was found to 
have lodged in the mid-part of the small bowel. The proxi- 
mal bowel was dilated and engorged with full thickness 
necrosis of the wall, which perforated on handling. The 
damage to its wall had resulted from the "cheese-wire" 
effect of the uncotled nylon spiral connecting the two parts 
of the tube. 


DISCUSSION 

The importance of radiological monitoring at the 
time of insertion of a Celestin tube is well known. 
'The image intensifier is used to screen pulsion tubes 
into place, and plain radiographs are essential soon 
afterwards to check the position of the tube. Lateral 
views are the most satisfactory for this purpose. 
Following this, regular monitoring is recommended, 
with a major clinical and radiological review after 
six months. Following intubation for benign stric- 
tures, Ranson and John (1979) have suggested that 
the tube should be removed after this length of time, 
and replaced at a later date if necessary. 

Most Celestin tubes incorporate simply a linear 
radiopaque marker in the shaft and in the distal 
flange (Fig. 34). The two separated portions of this 
marker can be seen on an abdominal X rav following 
breakage of the tube. In some projections, the shaft 
and flange marker lines are seen to meet in a V- 
shape, but when these two parts of marker are super- 
imposed, they will present simply as a single radi- 
opaque line (Fig. 38). When the separated distal 
fragment is short, therefore, it may present only as a 
short single line while the proximal part of the tube 
can easily be mistaken as normal in length. 

The small size of such a distal fragment renders 
the implications of tube fragment no less serious, and 
the need for awareness of this complication is there- 
fore emphasized. 

In follow-up radiography after a Celestin tube in- 
sertion, not only should its position be checked but 
also its integrity. If the radiopaque marker is un- 
broken and the flange is clearly seen then the tube is 
intact. More than one projection may be needed to 
show this, although it is probably simpler to rotate 
the patient under fluoroscopv. 
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(A) Celestin tube identified by radiopaque marker showing main body of tube and flange intact. 


(B) With different projection flange not seen. 


If there is any suspicion whatever that the tube 
may have fractured then a radiograph of the whole 


abdomen is essential to search for a distal fragment. 


‘The main body of the tube may either remain in the 


oesophagus or move, as in this case. If a separated 
fragment is seen on abdominal X ray, Operative in- 
tervention is a matter of urgency. Either laparotomy 


may be performed and the fragments removed. or 
; | 


the nylon joining tube fragments mav be divided 
endoscopically. The proximal fragment may then be 


retrieved, and the distal one left to pass through the 


bowel. 


Recent modifications have been made in the de- 


sign of Celestin tubes, aimed at reducing the risks of 


fragmentation. Activators have been added to the 


latex which render it more resistant to structural 


deterioration, while leaving it otherwise unchanged. 
Tubes have also been produced with separate coils 
of nylon, so that there is no long spiral to uncoil and 
cause pressure necrosis, should a fracture occur. 
Although these modifications are likely to reduce 
the number of complications encountered, they do 
not diminish the need for awareness and earl 


radiological diagnosis of these serious problems. 
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Recurrent gall-stone ileus 


By A. U. Haq, A. H. Morris and H. Daintith 
Department of Radiology, City Hospital, Nottingham 


(Received November 1980 and in revised form April 1981) 


Only two cases of recurrent gall-stone ileus diag- 


nosed in the post-operative period have been 


reported. Guistra et al. (1977) reported the only 


fully described case. Eisenman et al. (1967) used the 


radiographs of a case in a review of radiographic 


siens in gall-stone ileus. In both, the diagnosis could 





of Surgery, 63, 851—852. 

Meyer, W. and ZaNwNiT, A., 1980. Multiple Dünndarm- 
perforationen nach Oesophagus-endoprosthesen-implant- 
ationen. Der Chirurg, 51, 659—660. 

Ranson, M. B. and Jonn, H. T., 1979. Complications 
associated. with the use of the Celestin tube for benign 
oesophageal obstruction. British Journal of Surgery, 66, 
110-112. 

Rao, D. D., 1978. Celestin intubation of the oesophagus. 
Journal of the Royal College of Surgeons of Edinburgh, 23, 
US 99, 

SHAW, J. F. L. and Coomees, G. B., 1979, Multiple in- 
testinal perforations due to Celestin tube. British Journal 
of Surgery, 66, 807—808, 


have been made on a plain abdominal radiograph. 
We report a case in which plain films were inade- 
quate for diagnosis. 


Case REPor' 

A 73-year-old man was admitted with a day's history of 
vomiting and colicky, right iliac fossa pain. He had diffuse 
right-sided abdominal tenderness with maximal tenderness 
in the thac fossa. 

The plain abdomen radiographs (Fig. 1) showed air in the 
biliary tree, multiple dilated jejunal loops with fluid levels on 
the right side and a faint ring calcification to the right of the 
spine. The appearances were those of a gall-stone ileus. 

At laparotomy, a gall-stone was seen impacted one metre 
from the ileo-caecal valve with proximal small bowel dila- 
tation, The mucosa at the site of impaction was viable. Thi 
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stone was milked back and removed via a jejunotomy. ‘There 
were multiple adhesions in the region of the gall bladder and 
this was not explored. On the ninth post-operative day he 
had a rigor and on the following day the abdominal wound 
discharged small bowel contents. 

A sinogram showed that the skin opening communicated 
with a large abscess cavity but no small bowel connection 
was demonstrated. Dilated small bowel loops indistinguish- 
able from those seen in localized peritonitis were seen. 

250 ml of barium suspension were injected through a 
nasogastric tube to outline the small bowel. ‘There was dila- 
tation of the jejunum with a maximum diameter of 6 cm and 
well-preserved valvulae conniventes (Fig. 2). A large filling 
defect due to a noncalcified gall-stone was seen in the distal 
jejunum, The small bowel beyond the gall-stone was normal. 
Because the patient was a poor anaesthetic risk and the 
obstruction was not complete surgery was delayed. A week 
later he developed severe abdominal pain with distention 
and rigidity and laparotomy was performed as a life-saving 
procedure, 

The proximal small bowel was dilated, the jejunotomy had 
broken down and a gall-stone was impacted 0.75 m distal to 
it. The gall-stone was removed, the previous jejunotomy 
site resutured and the abdomen closed. After a stormy post- 
operative period the patient made a good recovery. 


DISCUSSION 
The radiological criteria for the diagnosis of gall- 
stone ileus are well established (Rigler et al., 1941; 
Raf and Spongen, 1971; Day and Marks, 1975). 


They are: partial or complete obstruction; con- 
trast medium or air seen in the biliary tree in 30-409% 
of cases; and a previously observed gall-stone may be 
seen to have moved (probably this sign is seen in not 
more than 10°; of cases). There may be little gas and 
few fluid levels as the small bowel may be distended 
with liquid so that bowel loops are seen in the plain 
abdomen film without effacement of the valvulae 
conniventes. This pattern is seen in nearly 909; of 
cases (Eisenman et al., 1976). 

A positive preoperative diagnosis of gall-stone 
ileus is only possible on plain films if the gall-stone 
is calcified but 70°, of gall-stones are nonopaque. 
In our case only a thin ring of calcification was 
present in the gall-stone removed at the first oper- 
ation and while the ring calcification was visible on 
the film it has not reproduced well in the print (Fig. 
1). This should perhaps have alerted the surgeons to 
the possibility of further noncalcified stones as 
solitary gall-stones are infrequent. The diagnosis of 
gall-stone ileus in the post-operative period is so 
difficult that contrast studies are essential if a correct 
diagnosis is to be made before the second laparo- 
tomy. 

It has been thought that an incomplete obstruction 
could be converted to a complete one by impaction 
of barium. This was shown not to be so by Nelson 
et al. (1963) and the usefulness of small bowel barium 
studies in obstruction was stressed by Miller and 
Folke (1969) in a study of 225 cases. 
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Osteoblastic metastases in renal cell carcinoma 
By *A. I. Neugut, M.D., Ph.D., *E. S. Casper, M.D., TT. A. Godwin, M.D. and 


Julius Smith, M.D., M.R.C.P., F.R.C.R. 


Departments of *Medicine, TPathology and tRadiology, Memorial Sloan-Kettering Cancer Center, 
Cornell University Medical College, New York, New York 10021, USA 


(Received June 1981) 


Renal cell carcinoma (hypernephroma, renal adeno- 
carcinoma) metastasizes to the skeleton in approxi- 
mately 10% of cases and characteristically produces 
expansile lytic lesions (Forbes et al., 1977). Although 
sclerotic changes may be seen following radio- 
therapy, osteosclerotic metastases in this condition 
prior to therapy are virtually unknown (Forbes et al., 
1977; Sherman and Pearson, 1948). We report here 
a well-documented case of renal cell carcinoma 
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Bone scan showing widespread skeletal metastases, 


Address for reprints: Julius Smith, M.D., Memorial Sloan- 
Kettering Cancer Center, 1275 York Avenue, New York, 
New York 10021, USA, 


which produced osteoblastic metastases and was 
confirmed by autopsy examination. 


Case REPORT 

A 68-year-old white female presented to a local hospital 
with a one-month history of headaches and diplopia in 
October 1979. Evaluation revealed the presence of a 
pituitary tumour. The patient underwent trans-sphenoidal 
hypophysectomy which revealed metastatic papillary adeno- 
carcinoma. A search for the primary lesion and an evalu- 
ation for the extent of disease included an upper GI series, 
barium enema, mammography and liver-spleen scan which 
were all normal, but ultrasonography of the abdomen 
showed a right intrarenal mass, The patient was treated with 
steroids and discharged for further study as an outpatient. 
During the period of this evaluation, she became hypoten- 
sive and developed severe nausea and vomiting. The patient 
was brought to the Memorial Sloan-Kettering Cancer 
Center where she responded to treatment for adrenal crisis. 
C'T of the abdomen revealed à large mass in the right kidney 
consistent with a renal cell carcinoma. A bone scan (Fig. 1) 
showed widespread skeletal metastases, and radiographs 
demonstrated osteoblastic metastases in the sella turcica 
right femur, spine and pelvis (Figs. 2, 3). In May 1980 the 
patient was treated with radiation to the sella turcica and the 
symptomatic right femur and hemi-pelvis. Following radio- 
therapy, the patient received aclacinomycin-A, an anthra- 
cycline antineoplastic agent (Casper et al., 1981). She became 
septic during the period of drug-induced pancytopenia and, 
in spite of antibiotics and supportive treatments, died. 


Pathology 
Post-mortem examination disclosed a 7x6.5x4 cm 
tumour in the lower pole of the right kidney. The tumour 
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Radiograph of the pelvis demonstrating multiple osteoblastic 
metastases. 
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was well circumscribed with compression of the adjacent 
renal parenchyma. There was fixation to the overlying renal 
capsule but no infiltration of the capsule, the renal pelvis 
or the renal vessels. The cut surface was homogeneously 
tan-brown and soft. Microscopically, the tumour was uni- 
formly composed of well-differentiated small tubules lined 
by small cuboidal cells with minimal anaplasia (Fig. 3). 
Mucicarmine, Grimelius and Fontana stains were negative. 
These findings confirmed the presence of a primary well- 
differentiated renal cell carcinoma. 

Several upper thoracic and cervical vertebrae were par- 
tially replaced by hard whitish tssue. Microscopically, 
there was well-differentiated adenocarcinoma intermingled 
with sclerotic bone. 

A search for other primary malignant tumours, including 
careful examination of the breasts, gastrointestinal tract, 
pancreas and ovaries was negative. 


DISCUSSION 
were able to 
identify only one previous case of osteoblastic meta- 


In a review of the literature, we 


stases from a primary renal cancer. Reidy (1975) re- 
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Post-mortem findings. (A) Upper thoracic vertebral sclerotic 
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ported a case of extensive osteoblastic metastases 
from a hvpernephroma in a 34-year-old man. Un- 
fortunately, autopsy confirmation was not obtained. 

In general, purely osteoblastic metastases are 
much less common than purely osteolytic or mixed 
osteolytic and osteoblastic metastases. They are, 
therefore, a useful finding since the differential diag- 
nosis is relatively limited. The majority of osteo- 
blastic metastases 1s caused by prostate or breast 
cancer. Lymphoma is another well-known cause. 
Osteoblastic metastases may occur in patients with 
adenocarcinoma of the lung, but may occur in small- 
cell lung cancer as well (Napoli et al., 1973). Osteo- 
blastic metastases in carcinoid and mucin-secreting 
tumours of the gastrointestinal tract are rare but 
well-described. Medullarv carcinoma of the thyroid 
is the only thyroid cancer to cause osteoblastic 
lesions (Milhaud et al., 1969). 





metastasis. (B) Radiodense lesion on specimen X ray. 
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(c) Low power micrograph of the sclerotic metastasis. (D) Well-ditfferentiated adenocarcinoma in the kidney, 


It is possible that osteoblastic metastases from 
renal cell carcinoma are not so rare as our review of 
the literature would suggest. As recently as 1959, 
osteosclerosis was felt to be incompatible with the 
diagnosis of myeloma (Murray and Haddad, 1959), 
but this presentation is now well recognized by radi- 
ologists and clinicians. The same situation may 
apply to renal cell carcinoma. 

Renal cell carcinoma is noted for presenting in 
unusual ways, frequently by its humoral effects or 
with unusual metastases. This is the second reported 
case of renal cell carcinoma with osteoblastic meta- 
stases, but the first with pathological documentation. 
Renal cell carcinoma is a rare but possible cause of 
osteoblastic lesions and further cases deserve to be 
reported. 
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Second primary neoplasm in a dysgerminoma patient 


By *O. M. Koriech, F.R.C.R. 
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Newcastle upon Tyne 


and G. H. D. McNaught, V.R.D., F.R.C.S.Ed. 
Hartlepool General Hospital, Hartlepool, Cleveland 
(Received June 1981) 


Dysgerminoma is a rare germ-cell tumour of the 
ovary. Like its testicular counterpart, it is very radio- 
sensitive; in the absence of any other germ-cell ele- 
ments, dysgerminoma reponds well to radiation 
therapy. A cure rate of over 80%, has been reported 
(Freel et al., 1979). 

Our case developed carcinoma of the pelvic colon 
at the age of 29 years, following the treatment of 
dysgerminoma 15 years previously. 


Case REPORT 

A 14-year-old girl presented in January 1966 with a 44- 
month history of lower abdominal pain and swelling. A large 
pelvis-abdominal mass extending to the level of the um- 
bilicus was found on examination. Laparotomy revealed an 
inoperable hard tumour arising from the pelvis and occupy- 
ing the lower threequarters of the abdominal cavity. De- 
bulking was then carried out. Histology revealed a florid 
neoplasm with irregular sheets and confluent mitoses diag- 
nostic of dysgerminoma of the ovary. A course of radio- 
therapy to the pelvis and lower abdomen using megavoltage 
irradiation to a dose of 42 Gy (4200 rad) in 30 days was 
given. The patient remained well until July 1971 when she 
noticed a swelling in the epigastrium. The liver was enlarged 
and irregular and a space-occupying lesion was found on 
radioisotope scan. Further radiotherapy to the liver and epi- 
gastrium to a dose of 34 Gy (3400 rad) in 31 days caused 
complete disappearance of the clinical disease. 

In December 1980, the patient developed subacute in- 
testinal obstruction and laparotomy showed a small ring 
carcinoma of the apex of the pelvic colon. The liver was 
healthy on inspection and palpation. Suction enterostomy of 
small and large bowel was required to permit a primary re- 
section of the colon. Histology reported a well-differentiated 
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papillary mucoid adenocarcinoma invading the pericolic 
adipose tissue. ‘The patient is well and back at work in April 
1981. CEA in December 1980 was less than 2 ug/l, in April 
1981 4 ug/l. 


DISCUSSION 

Although bowel cancer is the second most com- 
mon cancer in the female, it is rare under the age of 
30. Familial polyposis and ulcerative colitis predis- 
pose to its development at an early age but were not 
present here, Radiotherapy is known to induce 
malignancy of the thyroid, breast, skin, liver, bone, 
lungs and other sites (Hirohata, 1976). The de- 
velopment of bowel cancer in this patient at the age 
of 29, some 15 years after the treatment of an ovarian 
primary, raises the possibility that this is a radiation- 
induced carcinoma. 

Alternatively, it is possible that patients cured of 
ovarian dysgerminoma are prone to develop a 
second primary carcinoma as an innate character- 
istic of the patient. 

The findings in this case indicate that radiation 
oncologists and gynaecologists should be aware of 
the possible development of a second primary carci- 
noma in young patients cured of a previous primary 
dysgerminoma. 
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Mechanism of misonidazole-linked cytotoxicity and altered radiation 


response: role of cellular thiols 
By J. E. Biaglow, Ph.D., Marie E. Varnes, Ph.D. 


Department of Radiology, Division of Radiation Biology, Case Western Reserve University, Cleveland, 


Ohio 44106 
M. Astor, M.A. and E. J. Hall, D.Sc. 


Radiological Research Laboratory, College of Physicians and Surgeons, New York 10032, USA 


(Received March 1981 and in revised form July 1981) 


The effectiveness of misonidazole as a hypoxic radiosensi- 
tizer of mammalian cells 1s increased by prolonged exposure 
of hypoxic cells to the drug. Increased radiosensitization 
occurs even after the cells are washed free of excess drug 
(Hall and Biaglow, 1977; Whitmore et al., 1975; Varnes et 
al., 1981). Hall et al. (1977) suggested and Biaglow et al. 
(1978) found that drug intermediates, produced during 
hypoxic incubation of cells with misonidazole, might react 
with endogenous non-protein thiols (NPSH). These thiols 
function to protect the cell against deleterious intermediates 
that could otherwise attack and modify critical macromole- 
cules such as DNA, RNA and protein. This hypothesis 15 in 
agreement with the cytotoxic mechanisms dips earlier 
for many different nitro compounds (Biaglow, 1981). With 
respect to the effects of preincubation with misonidazole on 
the radiation response, alterations in both NPSH and 
protein thiols (Varnes ef al., 1981) would be expected to 
alter the shoulder of the radiation response curve if hydro- 
gen- -donating species such as NPSH are involved in chemical 
repair of radiation damage (Chapman et al., 1973) or if 
thiol-containing enzymes are necessary for biochemical 
repair of damaged macromolecules (Han et al., 1976). 

In addition to the role that endogenous thiols may play in 
inactivating toxic intermediates, it has been shown by Hall 
et al. (1977) that co-incubation of misonidazole with the 
thiol cysteamine prevents both the radiosensitization and the 
cytotoxicity of this drug. Chapman et al. (1973) had shown 
earlier that the radiosensitizing effects of nitro compounds 
could be reversed by cysteamine. 

Several ensuing studies involving the mechanisms for the 
cytotoxic and radiosensitizing abilities of misonidazole have 
attempted to identify biochemical alterations produced by 
the drug and its metabolites. Varnes et al. (1981) demon- 
strated that misonidazole can react with both intracellular 
NPSH and with protein thiols. Loss of thiol was increased 
if glucose or ascorbate was present. Chapman et al. (1973), 
Watts et al. (1975), Harris et al. (1976; 1977) and Nygaard 
et al. (1980) found that the radiosensitizing effects of misoni- 
dazole were greater if NPSH were removed by diamide, On 
the other hand, Taylor and Rauth (1981) have found that 
exogenous cysteamine alters the profile of metabolites 
obtained from misonidazole-treated cells. Palcic et al. (1981) 
have shown that the hypoxic cytotoxicity of misonidazole 
can be modified in the presence of cysteamine and that the 
effect is pH dependent. 

The above-mentioned studies suggest an important role 
for both endogenous NPSH as well as exogenous thiols in 
the radiosensitization and cytotoxic action of misonidazole. 
Therefore, we have continued our studies 
misonidazole and of newly-developed hypoxic-cell radio- 
sensitizers, in an attempt to (1) identify the alterations in the 
NPSH and (2) elucidate the role that the changes in NPSH 
play in cytotoxic and radiosensitizing effects of nitro 
compounds, 


s on the effects of 


Figure 14 shows the effect of different concentrations of 
misonidazole on the NPSH of dense-cell suspensions of 
Ehrlich cells made hypoxic by their own metabolic con- 
sumption of oxygen. The cells were kept in suspension in à 
glass syringe by gentle rotation. The NPSH was determined 
by the Ellman method as modified by Varnes and Biaglow 
(1979), Thiol loss occurred at all drug concentrations. The 
effects of 15-minute incubations at different misonidazole 
concentrations on the thiol content of dense suspensions of 
hypoxic V79 and Ehrlich cells are seen in Fig. 15. We have 
also measured the thiol content of the EM'T6 tumour tn 
vivo, five hours following a 1 mg/kg dose of misonidazole, 
and found no change in NPSH (data not shown). 

In addition to misonidazole, the recently-developed 
nitroheterocyclic radiosensitizing compounds SR 2555 and 


80 


60 


40 


20 


NPSH (Percent Control) 





20 40 60 1073 i0-2 i07! 
Minutes Hypoxic with Concentration 
Misonidazole Misonidazole 
A Fic. 1. B 


'The effect of misonidazole on the non-protein thiol (NPSH) 
content of Ehrlich ascites tumour cells and V79 lung cells. 
Ehrlich cells were obtained from eight day tumour-bearing 
mice as previously described (Varnes and Biaglow, 1979). 
The cells were washed and resuspended at 0-4^C in 0.2 M 
HEPES-buffered physiological saline containing 0.01 M 
KCI, pH 7.4. V79 lung-cells grown as previously described 
were also suspended in the same buffered saline and at the 
same density (109/ml) as the Ehrlich cells. Cells were 
washed free of drug, and thiols determined (Varnes and 
Biaglow, 1979). (4) Ehrlich cells made hypoxic by their 
own metabolic consumption of oxygen for various times. 
(B) Fifteen-minute incubations of V79 and Ehrlich cells. 
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TABLE I 
EFFECT OF NITRO COMPOUNDS ON THIOL CONTENT AND CYTOTOXICITY Or V79 LUNG CELLS 


Relative rate of 


2 mM drug reduction? NPSH? 
SR 2555 0.28 0.43 
SR 2508 0.65 0.36 
Misonidazole 1.0 0.24 


Extra enhancement 


Surviving Enhancement ratio due to 
fraction? ratio? ` preincubation? 
0.50 2.1 — 
0.30 2.1 1.0 
0.07 2.1 1.7 


1. V79 cells were suspended in 0.05 M HEPES buffer pH 7.4 with 0.01M KCI and 0.15M NaCl with and without 5 mM 
drug. The rate of reduction of drug was determined by continuously monitoring peroxide production with cells incubated 
in the presence of 0.2 mM N-ethylmaleimide and 3 mM azide. Drug/misonidazole reduction 1 (0.0013 mM HsOs/min) 


(Schroy and Biaglow, 1981). 


2. Thiol content was determined after 5 h hypoxic incubation with 2 mM drug in complete growth medium containing 


10°, calf serum buffered with 0.04 M HEPES, pH 7.4, 37°C. 


3. The surviving fraction was determined after 5 h of hypoxic incubation in growth medium with 2 mM drug (Astor and 


Hall, 1981). 


4. 'The enhancement ratio was determined under hypoxic conditions with 5 mM drug (Astor and Hall, 1981). 
5. 109 cells were incubated at 37.5°C with a 2 mM concentration of the appropriate drug. The extra enhancement ratio is 
defined as the radiosensitivity of cells incubated with 2 mM drug for 5 h/radiosensitivity of cells incubated with 2 mM drug 


for 1 h. 


SR 2508 (Brown and Lee, 1981) were also tested for their 
effects on the NPSH of hypoxic cells in vitro under condi- 
tions routinely used for our radiation and cytotoxic studies 
(Table I). Removal of thiol in complete growth medium 
containing serum was greatest for misonidazole, followed bv 
SR 2508 and SR 2555. These drugs were found to be 
slightly more effective when incubated with hypoxic Ehrlich 
cells in phosphate buffered saline. In general, reduction of 
drug (see first column, Table I) as well as the depletion of 
thiols by SR 2555 and SR 2508 (second column) correlates 
with the hypoxic cytotoxicity (third column). The more 
metabolically-active misonidazole is the most toxic. The 
small fraction of hypoxic cells surviving the five hour 
misonidazole treatment was more sensitive to radiation than 
cells immediately exposed (see column 4). Similar effects 
occur with SR 2508 but require incubation times of seven 
hours or longer (data not shown). 

In conclusion, our results suggest that continued studies 
on the relationship between cellular thiols and drug cyto- 
toxicity as well as enhanced radiation response, in vitro, will 
lead to fruitful new information concerning the mechanism 
of action of these drugs. Our results with dense suspensions 
of cells (Fig. 1) indicate that relatively large drug concentra- 
tons for prolonged periods of time will be necessarv to 
deplete tumour thiols in evo. Additional work is necessary 
to determine if cytotoxic and radiation responses in vivo are 
related to drug-linked loss of thiol. 
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Book reviews 


Clinics in Diagnostic Ultrasound. 4, Two-dimensional Echo- 
cardiography. Ed. by Joseph A. Kisslo, pp. 204+. 111 Figs. 
- 3 ‘Tables, 1980 (Churchill Livingstone, New York/ 
Edinburgh/London), £11-00. 

ISBN 0-443-~-08076--3 

The series “Clinics in Diagnostic Ultrasound" is pro- 
duced under a general Editorial Board, and this volume is 
edited by Dr. J. A. Kisslo, Assistant Professor of Radiology 
and Director of the Clinical Cardiac Laboratory, Duke 
University, South Carolina, with papers by 28 distinguished 
contributors. 

In the first chapter a short history of echocardiography is 
given. Emphasis is then made on placing echocardiography 
in perspective with all the other non-invasive and invasive 
cardiological investigative techniques which allow the 
physician to define the anatomical changes in the diseased 
heart and their severity, the physiological consequences of 
these changes, the aetiology of the condition and its prog- 
nosis. It is stressed that as most patients with heart disease 
have a chronic condition, there is a challenge to develop and 
explore the relative usefulness of non-invasive procedures 
compared with less desirable invasive procedures in order to 
follow the course of cardiac disease and its response to treat- 
ment. The importance of ensuring that very close co- 
operation exists in the future between specialists in radi- 
ology, cardiology, surgery, paediatrics, bio-engineering and 
computer science is stressed also. Ín this environment 
echocardiography will benefit from a collaborative effort. The 
next chapter deals with measurement of M-mode echo- 
cardiography and it defines and assesses the various end- 
points defined by the M-mode Standards Committee of the 
American Society of Echocardiography. This is a very useful 
chapter. 

The following chapter examines the variables that are 
capable of influencing echocardiographic measurements, 
such as the position of the patient, transducer position and 
physiological variables which must be taken into account 
when interpreting ultrasonic data. The next chapter de- 
scribes the various ultrasonic two-dimensional echocardio- 
graphic methods available, including the recommended 
examination technique, and defining also current nomen- 
clature for transducer location. There follow chapters on the 
echocardiographic diagnosis of mitral valve disease, assess- 
ment of left ventricular outflow obstruction, vegetative 
endocarditis, evaluation of the left ventricle by two- 
dimensional echocardiography, left ventricular hypertrophy, 
detection of intracardiac masses by cross-sectional echo- 
cardiography, pericardial effusion, echocardiographic com- 
parisons to standard radiographic methods and finally con- 
trast two-dimensional echocardiography. As relevant in 
these chapters, the M-mole echocardiography findings are 
described and their limitations assessed. The additional 


contribution that two-dimensional echocardiography can 
make to the assessment of the condition is given in some 
detail. The text is clear and the illustrations are remarkably 
good in spite of so many being real-time. An excellent 
feature of this volume is the well chosen bibliography for 
each chapter. 'The book ends with five mind-stimulating case 
studies. 

This book is excellent value. It should be in every radi- 
ology and cardiac department in which echocardiography is 
practised and also in every teaching centre. 

F. G. M. Ross. 


Clinics in Diagnostic. Ultrasound. 5. New Techniques and 
Instrumentation in Ultrasonography. Ed. by P. N. 'T. Wells 
and M. C. Ziskin, pp. 245, 1980 (Churchill Livingstone, 
New York/Edinburgh/London), £12-00. 

ISBN 0—443—08075-5 

If a prize were to be given for the most valuable innovation 
in medical imaging in the twentieth century, ultrasound 
would be a strong contender just on present performance, 
and will be stronger still when a variety of current new ideas 
have had time to bear fruit. This volume on new techniques, 
edited by two leading figures in the field, should therefore be 
very welcome. It contains 14 chapters, all by different 
authors, on topics ranging from ultrasonic computerized 
tomography to routine preventive maintenance and, it must 
be said, has the unevenness of approach and quality that so 
often characterizes a multi-author volume. 

It is difficult to know at what kind of audience the authors 
are aiming. Taken literally, the series title “Clinics . . .” 
seems to imply a practical, bedside teaching approach but 
the mest successful chapters here are rather more in the 
style of essays suitable for arm-chair reading. The chapters 
on transmission imaging, Doppler ultrasound, tissue 
characterization and, perhaps, acoustic microscopy will be 
good reading for most radiologists and physicists, and that on 
real-time scanning systems will be valuable for those who 
have not already encountered the material elsewhere. Many 
of the other chapters however are disappointing: one has the 
feeling in places that this was an extra bit of writing that the 
author agreed to take on but then regretted and could only 
come up with a pot boiler. The final chapter, entitled “A 
Glossary for Diagnostic Ultrasound Instrumentation", is a 
worthy attempt to get us all to say what we really mean, but 
the author still has a good deal of homework to do—on 
“acoustic impedance", “beam width", "coherent" and 
"confocal", just for a start. 

All in all another curate's egg: excellent in parts. 


C. R. Hir. 
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(The Editors do not hold themselves responsible for opinions expressed by correspondents) 


Preset counts or preset time? 


THE Eprron—Sin, 
In a recent article in this Journal (Constable and Cranage, 
1981), the problem of recognizing the superscan in prostatic 


bone scintigraphy was reviewed. In Fig. 1 and Fig. 2 of 


that article a normal scan and a superscan were displayed. 
We were somewhat concerned to observe the superscan 
having, on average, a lower film density than the normal 
scan. Osmond et al. (1975) describe the superscan as pro- 
ducing ''à marked increase in bone radionuclide concentra- 
tion" and it therefore should display a higher overall film 
density than a normal bone scan. For comparison we show 
a normal bone scan (Fig. 1) and a superscan (Fig. 2) as 
produced by a similar procedure to that described bv 
Constable and Cranage. The superscan is immediately 
recognized by the large increase in film density over the 
skeletal areas. A policy of imaging for preset time is adopted 
within this department and we wonder if the relatively low 
him density shown in Constable’s article may be due to 
preset-count imaging. The superscan is made self-evident 
with the use of preset-time imaging without using a com- 
puter system for acquisition, storage and region-of-interest 
processing of the scan. 





- 






^ 
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A normal bone scan using preset time. 


The policy of preset-time imaging is adopted to try and 
present to the eye of the observer some quantitative infor- 
mation in a readily appreciable manner. A low overall film 
density represents a poor uptake of radiopharmaceutical and 
a high overall film density represents a high uptake. If the 
images are outside the linear portion of the film’s grey-scale 
response, then repeat imaging or, if the images have been 
digitized and stored, repeat display of the images is used to 
show the finer details of the scan. However, this is not under- 
taken until the gross diagnostic feature of high or low uptake 
has been demonstrated. 

If imaging procedures are undertaken using preset counts, 
a note of the count rate must be made and this together with 
the relative uptake within the scan used to assess if high or 
low uptake is present within the scan. This would appear to 
put an unnecessary burden on the observer for little or no 
return. 

Another example of the advantage of preset-time imaging 
is in lung-perfusion scanning of patients where the views are 
severely limited, for example in the ITU patient. If preset 
counts or preset information density is used for the two 
lateral views these may look very similar even in the patient 
with absent perfusion in one lung. Of course the anterior, 
posterior or oblique views would highlight asymmetries in 
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A superscan using preset time. 
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the usual case but if these views were not possible a grossly 
abnormal scan could be presented as normal. 

Whilst accepting that some adjustment for changes in 
organ size is necessary to produce a low repeat imaging rate, 
we have found in practice that an adjustment for body 
weight or organ size maintains the repeat imaging rate at a 
negligible level. No system will give perfect grey-scale 
representation of all nuclear-medicine images but the use of 
preset-time imaging does at least give a first order present- 
ation of organ uptake. 

Yours, etc., 
C. P. WELLS, 
F. M. HALL, 
P. J, MOUNTFORD, 
A. J. COAKLEY. 
Kent and Canterbury Hospital, 
Canterbury CT1 3NG. 
(Received April 1981 and in revised form August 1981) 
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(Authors reply) 


Tus EDITOR—SIR, 

We are grateful to C. P. Wells and his colleagues for 
pointing out the well-known difficulties of visually assessing 
gamma-camera scans and largely agree with their preset- 
time method for partly overcoming them. 

We always apply the preset-time method when studying 
a given patient but have been less successful in applying it 
more generally owing to the wide range of picture quality 
thereby achieved. 

Scans from many sources often have to be evaluated and 
compared without sufficient knowledge of the conditions 
under which they were obtained. The use of simple quanti- 
tative indices, such as our own “T12” index, can be most 
helpful in avoiding misinterpretation even when a superscan 
image is less intense than a normal scan as illustrated in our 
paper. 

It would be of interest to hear other people's views on the 
preset-time method but, in the meantime, we shall review 
the subject in the light of Wells's comments. 

Yours, etc., 

A. R. CONSTABLE, 
Department of Medical Physics, 
St. Paul’s Hospital, 
London WC2 

R. W. CRANAGE. 

Medical Physics Department, 
Musgrove Park Hospital, 
Taunton. 
(Received May 1981) 


Use of diagnostic ultrasound to measure the lumbar 
spinal canal 


THE Eprror—Sir, 

Since Porter (1978) published his experience of ultra- 
sound examination of the lumbar spinal canal by the use of a 
dorsal approach, there has been great interest among 
orthopaedic surgeons in this possibility of obtaining an 





objective measure of the spinal canal. Several letters to the 
Editor of this Journal reflect this. Our opinion, however, is 
that this debate has lost its structure. A discussion about 
accuracy and reproducibility of the measurements has been 
combined with a discussion about the clinical value of the 
measuring method and a discussion about which structures 
are depicted. We think it would be advantageous to separate 
these discussions. 

In his first paper, Porter claims that he is studying skeletal 
structures-—the laminae. In their experimental work, 
Stockdale and Finlay (1980) seem to use the same presump- 
tion. Our own conclusion, after studying autopsy specimens, 
is that the signals which are obtained arise at the interface 
between cerebrospinal fluid and surrounding soft tissue 
structures. We believe that when this question has been 
settled, the question about accuracy and reproducibility will 
also be solved. 

The value of the ultrasound method in clinical work has 
been mentioned by Porter as the benefit of having data 
available in order to make decisions about therapy of lumbar 
back disorders, based on clinical findings. We think that a 
support of that kind might be valuable in certain situations. 
The data so far obtained, however, cannot be used as a basis 
for decisions about diagnosis as far as is known today. Our 
experience, when evaluating spinal stenosis with the aid of 
ultrasound compared with myelography, is fairly disap- 
pointing ( Kadziolka et al., 1981). 

Ultrasound examination of the spinal canal 1s nevertheless 
an important addition to the methods available for the study 
of the lumbar spine, as demonstrated by Porter's population 
study. Continuous studies of random samples of different 
patient populations combined with prospective evaluation of 
clinical data may well add important knowledge on the epi- 
demiology of different lumbar back disorders. We are 
convinced that it would be within this area that ultrasound 
examination of the back will show its greatest value. 

Yours, ete., 
A. NACHEMSON, 
M. ASZTELY. 

Departments of Orthopaedic Surgery 
and Diagnostic Radiologv, 
University of Góteborg, 
Sahlgrenska sjukhuset, 
5-413 45 Goteborg, 
Sweden. 


( Received July, 1981) 
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(Author's reply) 


THe Eprror—Sir, 

Professor Nachemson rightly suggests that there are 
several areas worthy of discussion when considering ultra- 
sound measurement of the spinal canal. Accuracy and re- 
peatability relate to the degree of confidence that a clinician 
can place upon the canal measurement. 

Our mean repeatability is less than half a millimetre, but 
the parameter measured for one patient may not be the same 
as for another, and any particular measurement may there- 
fore have a one or even two millimetre error. The clinical 
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application for an individual patient investigation is likely 
therefore to be of less value than its help in understanding 
the pathogenesis of some back pain syndromes from large 
population studies. 

It does not, however, exclude its use in individual patient 
management. In practice, all our back pain patients are 
measured, with greatest interest in those who are at the ex- 
treme ends of the range. It complements other investigations, 
often makes sense of the history and examination, but should 
not be over-valued. 

The Swedish suggestion that the echoes arise from the 
dural interface is not supported by our experimental and 
theoretical work, but is an interesting concept and certainly 
requires clarification. 

Yours, etc., 
R. W., PORTER. 
Doncaster Royal Infirmary, 
Doncaster DN2 5LT. 
(Received August 1981) 


Radiation dose from human platelets labelled with 
indium-111 


THE EprrOR-—S1R, 

In response to comments by Mr. T. Smith (MRC Clinical 
Research Centre, Harrow, Middlesex) on our paper (van 
Reenen et al., 1980), we would like to report as follows. 

With regard to the cumulated blood activity, we did not 
use the total cumulated activity of 95.1 MBq h. The cumu- 
lated activity listed in Table I was obtained by accepting a 
linear removal of activity from the blood as published by 
Heyns et al. (1980). 

The data used for the individual subjects were calculated 
by a computer program, using raw data as input. However, 


we overlooked the fact that because all blood samples were 
counted on the same day, an automatic decay correction was 
done. The data were therefore accepted as uncorrected, and 
explain the higher cumulative activity used to obtain the 
values listed in Table II. The blood's dose contributions to 
the various organs are therefore higher than the actual con- 
tribution. 

We therefore admit that our data in Table IT listing the 
dose contributions of the blood to the target organs are over- 
estimates. We have recalculated these values and they are 
listed in Tables A and B. It is fortunate that the dose re- 
ported in our publication is higher than the actual, but this 
does not change the conclusions made using these values. 

With regard to a second point, that our 2W 7:1, it is not 
very clear how one should handle this situation. We have 
initially calculated the dose to the rest of the body, but since 
this value was low compared to the other organs, we decided 
to ignore it. 

For convenience, we have recalculated the dose equivalent 
including and excluding the whole body dose. The results 
are 0.54 and 0.62 mSv/MBg respectively. Taking all approxi- 
mations made for dose calculations into consideration, our 
conclusion is that 8.6 MBq (2304C1) is within the accepted 
dose limit. 

Yours, etc. 

O. R. vau REENEN. 
Department of Biophysics, 
University of the Orange Free State, 
Bloemfontein, South Africa. 
(Present address: Medical Physics Department, University 
of Medunsa, Transvaal, South Africa.) 
( Received November 1930) 
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TABLE A 
AVERAGE RADIATION DOSE CONTRIBUTIONS (MGy MBq) OF THE INDIVIDUAL SOURCE ORGANS TO THE TARGET ORGANS 





Source organs 





"Total dose 


‘Target organs Spleen Liver Blood (mGy; MBga) 
Spleen 7.163 .- 2.329 0.017 :- 0.004 0.092 :- 0.015 
Testes 0.002 -:- 0.000 0.001 + 0.000 0.063 :- 0.015 
Ovaries 0.011 0.002 0.009 + p.002 0.096 :- 0.015 
Red Marrow 0.034 :- 0.012 0.024 - 0.005 0.103 0.016 
Whole body 0,052 -0.018 0,039 :- 0.008 0.078 :-0.012 
| +15D +18D + 15D | 





TABLE B 
DOSE RECEIVED BY THE VARIOUS TARGET ORGANS (mGy/MBq) 







Subject Se Spleen vet Total body | Red marrow Ovaries | "Testes 














AudPH M 10.936 
PNB M 9.749 
EL F 5.398 
AF F 
EM F 


M €——  ——P RR 












0.200 0.189 0.076 

0.158 0.145 0.055 

0.177 0.178 0.133 

0.163 0.156 0.111 

0.163 0.151 0.103 

0.151 0.154 0.117 

0.169 0.162 0.116 0.066 
-- 0.018 z0.017 +-0.013 0.015 


—— auum mI UL vd. arte, ww o0 3o —— 2 - 


laadinnan AA Ain AAAA ERE M RE RE td E E E AN PY AP REP Pr aa r 


1981, British Journal of Radiology, 54, 1012-1013 


Correspondence 


of indium-111-labelled human platelets. British Journal of 
Haematology, 44, 269-280. 

VAN REENEN, P. R., Lorrer, M. G., Minnaar, P. C., 
Heyns, A. Du P., BapgNuonsT, P. N. and Pieters, H., 
1980. Radiation dose from human platelets labelled with 
indium-111. British Journal of Radiology, 53, 790—795. 


Choosing between two formulations of a dose/cure 
function 


THE EDITOR—SIR, 

Porter (1980) has recently presented an admirably detailed 
account of statistical methods for the analysis of dose/cure 
relationships, based on the single clonogen theory of tumour 
recurrence (Suit et al., 1965). When the conditions of study 
are demonstrably those postulated by the single-clonogen 
theory, the analyses of dose;cure relationships proposed by 
Porter are more informative than those based on logistic 
regression. We think, however, that there are reasons for 
preferring logistic regression of tumour control data. 

First, there is very little observable difference between the 
dose/cure function proposed by Porter and the logistic 
function in common use, despite the different forms of the 
estimating equations. Both are S-shaped curves adjusted so 
as to fit a collection of data points as closely as possible. Take 
for example the hypothetical data sets which Porter (1980) 
has generated on the assumption that the d Dane iM 
postulates hold. His 7 is a TCD(36.8). We have used those 
data to compute the TCD(36.8) using a logistic regression 
of cure probability on the logarithm of dose and compared 
that estimate to J as estimated by Porter, with the following 
results. 


etn ————— € e PREPARED 


-— 


Source of data J, krad TCD(36.85) krad 
(Poner 1980) {Porter} (logistic regression) 
"Table 13 4.8859 4.983 
1.4 4.890 4,904 
325 2.316 








Because of the way in which Porter generated his hypo- 
thetical data, his procedure provides the best possible 
estimates of J for those data. Nonetheless, as shown above, 
logistic regression provides estimates of J which differ from 
Porter's by less than 2?5. This conclusion extends to points 
on the dose/cure curve other than the T'CD(36.8). Figure 1 
reproduces Porter's dose/cure curve, and also shows a 
logistic dose/cure curve fitted to Porter's data (his Table 1.3). 
The concordance is close. 

Second, in experimental tumour svstems, we do not know 
that the single-clonogen model reflects biological reality. 
Indeed, where the tumour is immunogenic, the radiation 
dose corresponding to, say, the TCD50 would be expected 
to have substantial numbers of cells surviving (Suit and 
Order, 1974). Accordingly there is little a priori reason to 
prefer an analysis based explicitly on the model’s assump- 
tions, particularly when such an analysis does not result in 
marked improvement in the description of observed phe- 
nomena. 

Third, as a consequence of the close similarity of the 
predicted results under the two analytical procedures, it is 
most unlikely that tumour-control experiments could be 
performed which would permit a clear basis for deciding 
which method was superior. Other considerations must 
apply, such as those of study design and flexibility of analysis. 
His parameterization of the dose/cure curve leads Porter to 
propose asymmetric study designs. In particular he suggests 
that an optimum two-group design would place 3694 of 
animals at a dose with a cure probability of 0.028 and 64°% of 
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Dose/cure functions obtained for Porter’s data (Porter, 
1980, Table 1.3) estimated by logistic regression (solid line) 
and by Porter’ s procedure (broken hine). 


animals at a dose with a cure probability of 0.883. Porter's 
analysis (hike logistic regression) yields no estimate of J in a 
two-group design if either group has 0% or 100% cure rate. 
If an investigator were to undertake a dose level study with 
100 animals (a fairly large and expensive study), using 
Porter's "optimum" dose-level design, his chance of finding 
no cure in the low-dose group (and thus no estimate of J) 
would be (1-0.023)35.—0.36. That is, an "''optimally" 
designed study with what appears to be a large group of 
animals yields no result 36°, of the time. This design 
pertany can bei TO ved Epon either by allocating expen 
Porter or p i Parosa maba overa scr Kerle of dose 
points spaced between those suggested by Porter. Indeed 
Porter proposes other designs in his ‘ ‘Advice to experi- 
menters.”’ 

A final reason for preferring logistic regression is a 
practical one. Since logistic regression has found wide 
application in other fields, there are at present many com- 
mercial computer programs available which permit the 
investigator a flexibility of analytical approaches which have 
been relatively little explored in radiation biology. An 
important example of these is multiple logistic regression 
(Walker and Duncan, 1967), whereby animal and experi- 
mental characteristics other than radiation dose can be 
examined as independent or interactive predictors of cure 
rate, 

Since logistic regression and Porter’s proposed analyses 
yield essentially identical results, since study designs based 
on a serious acceptance of Porter’s calculations can be very 
inefficient, and since very flexible logistic regression tech- 
niques are now available, we think that investigators should 
consider retaining logistic regression procedures for the 
analysis of dose/cure functions. 

Yours, etc., 
A, M. WALKER, 
H. D. Suir. 

Division of Biostatistics and Epidemiology, 
Sidney Farber Cancer Institute, 
Harvard School of Public Health, 
Boston, MA 02115, USA, 
Department of Radiation Medicine, 
Massachusetts General Hospital, 
Boston MA 02114, USA 
(Supported by Grants CA 13311 and CA 06516 from the 
National Cancer Institute, DH EW) 
(Received July 1981) 
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(Author's reply) 


‘THe Eprror—Sir, 
Walker and Suit are quite right in their first point. Logi- 
stic analyses do give reasonable approximations. But here 


Book review 


Lecture Notes in Biomathematics. Questions of uniqueness and 
resolution in reconstruction from projections. By Myron B. 


ISBN 3-540-09087-8 

These notes provide a readable account of a mathematical 
exploration into the uniqueness of reconstructions obtained 
from projection data. It is shown how a particular set of pro- 
jection angles is the least demanding on the resolution of the 
data, and that providing this set is used the limitation on the 
resolution of the reconstruction, which is necessitated by the 
requirement for a unique solution, may be demonstrated. It 
is shown how to deal effectively with noisy data and to 
choose the optimum projection angles under practical work- 


the logistic curve is incoherent with the biological interpre- 
tation, and incoherent methods should not be used if 
coherent methods are available. For one thing you are 
deprived of the chance of finding out if your method really 
is coherent: a biological question. 

Immunogenic tumours are indeed a whole different can of 
worms. I believe them to be irrelevant to human cancer, and 
if this is right neither Dr. Suit nor myself need waste time on 
them. Still, they certainly can behave in ways that subvert 
the logistic curve as badly as Mather’s curve. I entirely 
agree with the third point made by Walker and Suit, which 
in effect proves that my discussion of experimental design 
was sadly obscure. My object was to illustrate the kind of 
influence that statistical methods should have on experi- 
mental design; practical advice came in a different section. 
I apologise for provoking this misunderstanding. 

‘The final reason given by Walker and Suit for preferring 
logistic analysis simply staggers the mind. There are no 
words to express the plight of a statistician who will not 
write his own computer programs, but 1s confined to the 
hack-work of using commercial packages. I thought the 
breed was extinct. 

Yours, etc., 
E. H. PORTER. 
Belvidere Hospital, 
Glasgow G31 4PG. 
( Recerved July 1981) 


ing conditions. A chapter on improving the EMI head scan- 
ner provides a practical application of the theory. 

The work is clearly presented with adequate illustrative 
material and the proofs of propositions are not allowed to dis- 
turb the logical development of an idea. Much background 
material on practical aspects of medical image recon- 
struction is summarized in an appendix. 

The book is intended for researchers in the general field of 
image reconstruction and also interested physicians. How- 
ever, the treatment requires additional mathematical know- 
ledge and expertise, and it is unlikely that many of the latter 
will be able to cope. This is a useful small volume for the 
shelf of the C'T technical specialist. 

M. F. CorTRALL. 





Erratum 


A catheter system for the safe and efficient delivery of tissue glues (bucrylate) for visceral embolization (M. S. Khangure, H. T. 
ApSimon, T. M. H. Chakera and D. E. Hartley), The British Journal of Radiology, August 1981, 54, 671—673. 
We regret that the caption to Figure 3 (p. 672) is incorrect. It should read: 

Assembled catheter arrangement. (1) The balloon and tip of balloon catheter unit introduced coaxially through the guiding 
catheter. (2) The guiding catheter. (3) Teflon introducer sheath. (4) Y connector attached to introducer sheath. The straight 
limb allows the introduction of the guiding catheter. The side arm is used to flush the sheath intermittently with heparin- 
ized saline. (5) Y connector attached to the end of the guiding catheter. The straight limb is used for the introduction of 
the balloon catheter unit. (6) The side arm is used for the intermittent perfusion of heparinized saline into the guiding 
catheter. (7) 1 ml syringe containing contrast medium for balloon catheter. (8) 1 ml syringe containing opacified bucry- 


late. (9) Two way tap used to keep balloon inflated. 
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Proceedings of The British Institute of Radiology 
Thirty-ninth Annual Congress, April 9-10, 1981 


Abstracts of papers presented at The British Institute of Radiology Annual Congress held at The Royal Free 


Hospital School of Medicine, London NW3 


Methods of monitoring response to tumour treatment 


Chairman: Dr. J. Hinton 


‘The quantification of therapeutic response in experimental tumours, by G. G. Steel, 


Conventional radiology, by J. S. Macdonald. 


Monitoring therapeutic response by computed tomography, by Janet Husband. 
Assessment of tumour response using isotopes and ultrasound, by D. O. Cosgrove. 
The clinical significance of measurement of tumour response, by Ann Barrett. 


THE QUANTIFICATION OF THERAPEUTIC RESPONSE IN 
EXPERIMENTAL TUMOURS 


By G. G. Steel 


Institute of Cancer Research, Sutton, Surrey 


The predicament in cancer research is that although experi- 
mental treatment and measurement of tumours in animals is 
much easier than in man, the systematic differences be- 
tween tumours in man and laboratory animals present 
serious problems in translation. of results between the 
species. It is a widespread hope that detailed studies in 
mouse tumour systems combined with the limited data on 
human tumours will lead to useful advances. To some ex- 
tent the use of human tumour xenografts in immune- 
suppressed mice may help in this process. The methods of 
monitoring response in rat and mouse tumours fall into two 
main categories: in situ measurement of tumour growth- 
delay or cure, and the measurement of surviving fraction of 
clonogenic cells after tumour excision, Each of these has its 
own particular advantages and disadvantages; and the best 
approach is probably to use both tvpes of measurement in an 
attempt to seek common conclusions. 

From the studies that have already been made using 
growth delay and cionogenic cell surv ival in human tumour 
xenografts it is already clear that these tumours retain some 
of the characteristic properties of their source tumours in 
man. They provide tumour systems whose level of drug 
response is comparable with that found in man. 

The picture that is emerging of the response of experi- 
mental tumours (including xenografts) to chemotherapy is of 
a wide range of cellular sensitivities to drugs, with some 
evidence that individual patients who clinically have the 
same disease may differ in their response to particular drugs. 


CONVENTIONAL RADIOLOGY 
By J. S. Macdonald 


Royal Marsden Hospital, Sutton, Surrey 


Conventional radiology is the most widely used method of 


assessing tumour response and behaviour in patients. 
Radiology enables the study of the tumour in its natural en- 
vironment which is man. The behaviour of some tumours 


under free growth conditions and following treatment can be 
watched and, in selected cases, measured quite accurately. 
'This gives information about their doubling times (Collins 
et al., 1956; Breur, 1966; Macdonald et al., 1966; 1968; 
Shacknev et aí., 1978) which would seem to be the same for 
any individual tumour when it is free to grow in lung, soft 
tissue and lymph nodes. These findings help in the appreci- 
ation of the natural history of tumours; where the doubling 
times show reasonable clustering they allow risk periods to 
be defined, Growth delay can be important when assessing 
new forms of treatment (Ash et al., 1979). 

Cure can only be assumed if the tumour and deposits dis- 
appear from sight and do not return within the known risk 
period for that particular tumour. 'The resolving power of 
radiology is, however, poor; although under the best con- 
ditions a deposit can be followed on treatment down to a 
defect in an opacified node of 1 mm in diameter, this can 
still contain 109 tumour cells (Collins et al., 1956). Clinical 
evaluation can never have the precision of laboratory experi- 
ments, but truth should not be shunned because absolute 
truth is not attainable and the extensive use of conventional 
radiology is justified because it contributes to our know- 
ledge of the natural history of tumours and their deposits, it 
helps monitor the failures and successes of treatment re- 
gimes and it helps to give relatively early warning of re- 
currence. 
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MONITORING THERAPEUTIC RESPONSE BY COMPUTED 
TOMOGRAPHY 


By Janet Husband 
Royal Marsden Hospital, Sutton, Surrey 


There is considerable overlap of the information provided by 
conventional radiology and ultrasound with that obtained 
from computed tomography, and in centres where all these 
techniques are available it is important to define those 
clinical situations where CT is the method of choice for 
monitoring response to treatment. Clearly, CT is ideally 
suited for follow-up of patients with both primary and 
secondary brain tumours and paranasal sinus tumours 
where clear demarcation of tumour boundaries and bone 
destruction can be shown. Although the plain chest radio- 
graphs and linear tomography provide adequate inform- 
ation regarding regression and growth of pulmonary meta- 
stases and mediastinal tumours in the majority of patients, 
CT is essential for the assessment of occult mediastinal and 
lung lesions. Thus, for example, in patients with obvious 
multiple pulmonary metastases the plain chest film is used for 
follow-up purposes in the initial stages of treatment, but 
when the chest film has returned to normal CT should be 
carried out to determine, as far as possible, whether the 
patient is in complete remission or not. 

In the abdomen and pelvis both ultrasound and C'T can 
be used to assess changes in size and structure of soft tissue 
tumours which are not accessible to conventional radiology, 
but not infrequently a tumour is demonstrated better by one 
technique than another. Thus, in patients with bone tu- 
mours such as Ewing's sarcoma, C'T demonstrates the pre- 
cise extent of the surrounding soft tissue mass as well as the 
degree of bone destruction, sclerosis and final remodelling. 
All this information cannot be provided by any other single 
technique. 

Apart from qualitative assessment of therapeutic response, 
CT can be used to obtain quantitative information regarding 
changes in tumour volume and mean C'T numbers (Hus- 
band et al., 1981). Measurements of tumour volume are 
made using the EMIPLAN 7000 outlining the area of the 
tumour with a touch-sensitive light pen directly on to the 
CT image. The process is repeated on sequential slices 
throughout the tumour length and à computer programme 
calculates the total tumour volume. Errors of this method 
include the algorithm used, the pixel size and the observer's 
ability to obtain reproducible results im vivo; the major 
limitations are the difficulty in defining precise tumour mar- 
gins and separating normal structures of similar density 
from the tumour mass. We have estimated tumour volume 
regression of abdominal nodal masses in a group of 20 
patients with testicular teratomas and have also documented 
changes in the mean CT number of the tumour. These 
initial results show that reduction in tumour size is accom- 
panied by a significant reduction in the mean CT number in 
the majority of patients (from solid to cystic range) but 
occasionally tumours which undergo cystic change during 
treatment increase in size. In these patients subsequent sur- 
gical excision of the mass has shown no evidence of malig- 
nancy, indicating that an increase in tumour size does not 
necessarily indicate progressive disease. Thus, from the pre- 
liminary results it is clear that account should be taken of the 
changes in internal structure of the tumour as well as 
changes in tumour size when assessment of response to 
treatment is being made. Further studies are required to 
determine whether these findings are characteristic of testic- 
ular teratomas or whether CT can provide useful inform- 
ation regarding changes in tumour structure as well as 
changes in volume in other tumour types. 
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ASSESSMENT OF TUMOUR RESPONSE USING ISOTOPES 
AND ULTRASOUND 


By D. O. Cosgrove 
Royal Marsden Hospital, Sutton, Surrey 


Of the currently assessable changes in tumours as they re- 
spond to treatment, changes in volume and structure are the 
province of the anatomical imaging techniques, while 
measures of tumour function are potentially amenable to 
isotope techniques. A development in the near future may 
allow the chemical composition of the tumour to be assessed 
using nuclear magnetic resonance. 

Isotope studies characteristically indicate tissue handling 
of tagged pharmaceuticals; any anatomical information 15 a 
more or less useful by-product only. Ideally, agents that 
monitor specific tumour function are required, preferably 
showing greater affinity for more malignant tumours so that 
an index of tumour aggressiveness is built in. Available 
agents fall short of this goal but the development of anti- 
tumour antibodies and perhaps of nucleic acid markers may 
bring us a step closer. The best agent currently available 1s 
the classic radioiodine used in the well-differentiated 
thyroid tumours. It is part of the routine for diagnosis and 
management of metastatic tumour as well as being used in 
internal radiotherapy. Gallium (9*Ga) has a still poorly- 
understood affinity for tumours that can be useful in some 
situations. It will allow the detection of tumour within a 
fibrous tissue mass and forms a useful adjunct to a chest 
radiograph for treated bronchial carcinomas where it will 
allow recurrence to be detected early. More often the best 
radiopharmaceuticals available only indicate a host tissue 
response rather than the tumour itself. Bone and brain scans 
are examples. From this it is often possible to form an im- 
pression of how the tumour is behaving but this is a second- 
best estimate. The major limitation to the application of 
isotopes in this area is the availability of useful pharma- 
ceuticals, but the imaging equipment has limited resolution 
and, more importantly, limited ability to quantitate isotope 
distribution. The introduction of emission computer- 
assisted tomography improves both of these weaknesses. 

Ultrasound, like the other anatomical imaging systems, 
can be used to measure tumour volumes with a high degree 
of accuracy. Its use is limited chiefly to superficial and ab- 
dominal masses because structures that are covered by gas 
and bone are inaccessible to ultrasound. In many respects it 
is complementary to conventional radiology and CT, though 
it does have a special ability to provide information on the 
detailed internal texture of masses and other tissues. 
Usually when a tumour responds to treatment it simply 
shrinks, but occasionally its “echo-texture” alters with the 
development of fluid-like portions or of strongly reflective 
portions. Cystic change and fibrosis or fatty infiltration 
seem likely explanations for these observations. On the dual 
supposition that computer analysis of the ultrasound 
images may reveal changes in texture too subtle for the eye 
to detect and that such changes might have prognostic sig- 
nificance, research programmes into tissue characterization 
have been initiated with interesting initial results. Analysis 
of other components of the reflected ultrasound than simply 
the echo amplitude are also being undertaken with promis- 
ing results. An additional ultrasonic technique that may 
have a special role in tumour assessment ts Doppler used 
to assess tumour vascularization. 


1015 


VoL. 54, No. 647 


Proceedings of The British Institute of Radiology 


THE CLINICAL SIGNIFICANCE OF MEASUREMENT OF 
TUMOUR RESPONSE 


By Ann Barrett 


Royal Marsden Hospital and Institute of Cancer Research, 
Sutton, Surrey 


Measurements of tumour volume may be used to determine 
response to treatment and to decide how long it should con- 
tinue. Early response is considered by some authors to pre- 
dict long term control and high-risk patients may be 
selected for more intensive treatment. Measurement of re- 
gression rates and growth delay may enable the clinician to 
compare the effectiveness of new treatments. For adequate 
assessment the tumour mass must have well defined margins. 

As tumour volume is measured during treatment, differ- 
ing responses may be seen. Reduction in size may indicate 
response and serial investigations will indicate how long 
treatment must be continued. Careful monitoring will then 
show whether complete tumour eradication has been 
achieved or growth delay only obtained. 

If regression ceases or regrowth occurs, treatment can be 
modified as appropriate, Increasing fibrosis may lead to re- 
duction in tumour volume but this is usually a late effect. 
Necrosis within a tumour or remodelling of bone may also 
produce apparent changes in size. Spontaneous fluctuations 
in tumour volume, as for example in some non-Hodgkin's 
lymphomas, may lead to the false impression of response to 
treatment. 


Neonatal radiology update 
Chairman: Dr. J. G. B. Russell 
X rays and the lungs, by J. G. B. Russell. 


X rays and the trunk, by J. F. Ratcliffe and K, Levick. 
Real time ultrasound of the brain, bv Maureen Gowland. 


If no change in tumour volume is seen this may reflect 
failure of treatment, slow regression (for example, carcinoma 
of the prostate) or cell killing in the tumour balanced by 
regrowth during therapy. In very fibrotic tumours cell 
killing may produce little change in apparent tumour 
volume. Increase in tumour volume may indicate pro- 
gression of disease or haemorrhagic or cystic degeneration 
in the tumour. CT scanning is invaluable in monitoring 
tumour volume but reduction in volume does not neces- 
sarily indicate cure of the disease. The rate of tumour re- 
gression appears to predict long term control in head and 
neck and cervical carcinoma but not for pancreatic or 
bronchial lesions. 

Quantitative endpoints are needed to compare new treat- 
ment regimes. Patients with multiple measurable meta- 
stases can be used in such studied and response assessed by 
measurement of regression rates and growth delay. 

More accurate definition of tumour volume has im- 
proved radiotherapy treatment planning. Tumour marker 
measurements (if appropriate) are the most sensitive way 
of detecting tumour. The amount of marker and the rate 
of fall with treatment may predict response. Marker 
measurements however give no information as to site of 
disease. 

Increasingly sensitive radiological and biochemical 
measurements are useful only in so far as effective therapy 
is available; complete tumour control can only be achieved 
when more accurate diagnosis is matched by better treat- 
ment, 


Real time ultrasound of the heart, by M. L. Rigby (no abstract received). 


Ultrasound of the trunk, by C. Metreweli (no abstract received). 


X RAYS AND THE LUNGS 
By J. G. B. Russell 
St. Mary's Hospital, Manchester 


Very immature babies are likely to suffer from respiratory 
disease, In surfactant deficiency the lungs are of small 
volume: this is particularly true on expiration: films de- 
liberately exposed in full expiration may be employed to 
confirm a diagnosis of respiratory distress syndrome, which 
may be of value when it is suspected that another abnor- 
mality such as a congenital heart defect is contributing to the 
respiratory distress. Films of the neonate with respiratorv 
distress are taken to look for complications, not to follow 
changes in severity. 

The radiation dose of a neonatal chest film is minute. 
“Interstitial gas” in the lungs of a neonate was shown to be 
gas in the lymphatic channels. 

The distinction between broncho-pulmonary dysplasia 
and Wilson-Mikity syndrome is slight and is probably non- 
existent. The immature lung syndrome is very uncommon. 
Only three possible cases were found in 70 babies born at 
1000 g or less. 


X RAYS AND THE TRUNK 
By J. F. Ratcliffe and K. Levick 


Booth Hall Children's Hospital, Manchester and 
Children's Hospital, Sheffield 


Advances in neonatology have resulted in increased salvage 
of dysmature neonates. 

Gas is a good contrast medium for the neonatal gastro- 
intestinal tract, although its amount and distribution varies 
in different conditions. Necrotizing enterocolitis (n.e.c.) is 
becoming more commonplace. Radiology confirms the 
diagnosis and may detect its most urgent complication— 
perforation. A later complication is stricture formation in up 
to 25% of cases, which may be multiple (Virjee et al., 
1979). Radiographs reduce the risk of n.e.c. if the tip of an 
umbilical vein catheter is shown proximal to the ductus 
venosus. 

Voluntary muscle paralysis, to reduce the risk of pneumo- 
thorax in babies on ventilators, results in no air being 
swallowed. The gasless abdomen in these circumstances is 
not a cause for alarm, providing that if gasless abdominal 
distension supervenes, the possibility is recognized of 
obstruction or perforation. 
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Fluid levels in meconium ileus may indicate a compli- 
cation such as volvulus or n.e.c., because obstruction with- 
out fluid levels is the usual pattern in this disease. 

The lower limit of gas in the rectum may not be a reliable 
indication of the level of rectal atresia. 

The low osmolality water soluble media, such as Hexabrix 
or Amipaque, should always be considered for positive con- 
trast of the neonatal gastro-intestinal tract or in peritoneogra- 
phy. However, in the treatment of meconium Heus Gastro- 
gratin is still the most effective agent. 

Histology is now often used for the diagnosis of, and in- 
dication of the extent of, Hirschsprung's disease. Radi- 
ologists may be the first to recognize total aganglionosis of 
the large bowel and terminal ileum which may present 
atypically. 

Reversible, short-lived smooth muscle relaxation may be 
achieved with Glucagon approximately 1 pg/kg IV (Rat- 
cliffe, 1980). This relieves spasm for diagnostic purposes and 
assists double contrast examination, and may be useful in 
reduction of intussusception. 

The use of abdominal CT scanning in neonates is ex- 
tremely limited. 
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REAL TIME ULTRASOUND OF THE BRAIN 
By Maureen Gowland 


Department of Diagnostic Radiology, University of 
Manchester 


With the introduction of aggressive neonatal intensive care in 
the last decade, there has been a marked increase in the sur- 
vival rate of low birth-weight premature infants. ‘These in- 


Validation of nuclear cardiology 
Chairman: Dr. K. E. Britton 


fants born before 32 weeks gestation with a birth weight less 
than 1500 g are particularly susceptible to sub-ependymal 
and intraventricular haemorrhage. The clinical features of 
these conditions are not specific and so it is difficult to make 
a confident diagnosis on the clinical findings alone. Ultra- 
sound provides an accurate method of demonstrating the 
presence or absence of these lesions, indicating the extent 
of the lesion and monitoring its course. 

Using a commercially available portable linear array real- 
time ultrasound system with a 5 MHz probe, infants are 
examined in the neonatal intensive care unit. The examin- 
ation is conducted without removing the infant from his 
incubator and with no interruption of support or monitoring 
systems. 

The transducer array is placed vertically on the anterior 
fontanelle in the coronal plane. By angling the probe an- 
teriorly and then posteriorly, both lateral ventricles and peri- 
ventricular regions are outlined. The probe is turned through 
90° and sagittal and parasagittal images of both lateral ven- 
tricles are obtained. In the normal brain the lateral ventricles 
are seen as small slit-like echo free areas on each side of the 
mid-line, and below the ventricles well defined areas of low 
echo density, the thalami and basal ganglia are clearly de- 
lineated. Sub-ependymal and intraventricular haemorrhages 
are well seen using this technique. The haemorrhages are 
graded according to their severity; grade 1 is diagnosed when 
an irregular group of increased echoes is demonstrated in the 
region of the caudate nucleus; when these echoes extend 
into the iateral ventricle without any associated increase in 
size of the ventricle, grade 2 haemorrhage is diagnosed; ven- 
tricular enlargement occurring in association with these 
features constitutes grade 3 haemorrhage and extension of 
the haemorrhage into the adjacent cortex and white matter 
is seen in grade 4. The situation is not static. The findings 
may be normal at the first examination and evidence of 
haemorrhage of increasing degrees of severity may be found 
at subsequent examinations. 

At present, the significance and long term prognosis of 
these lesions is not fully understood, but with this, an ac- 
curate method of documenting the presence and extent of 
these lesions, long term follow-up of infants who survive 
these lesions will complete the picture and the full impli- 
cation of sub-ependymal and intraventricular haemorrhage 
in the premature infant will be appreciated. 


Equilibrium gated studies: validation of parametric scanning, by N. W. Garvie, F. Bitter and W. E. Adams. 

Clinical experience with phase analysed gated cardiac studies, by 5. Walton and P. J. Ell. 

Validation of stress testing in nuclear cardiology, by R. J. Wainwright, D. A. Brennand-Roper and M. N. Maisey. 
Clinical experience with stress testing in equilibrium gated cardiac studies, by A. L. Muir. 

Validation of first pass cardiac studies, by A. T. Elliott, D. L. Stone, D. J. Dymond and A. Abdullah (no abstract received). 
Myocardial perfusion and metabolism: quantitation in patients using positron tomography, by A. P. Selwyn. 


EQUILIBRIUM GATED STUDIES: VALIDATION OF 
PARAMETRIC SCANNING 


By N. W. Garvie, F. Bitter and W. E. Adams 


Nuclear Medicine Department, University of Ulm, 
Germany 


With gated blood pool techniques (GBP) various techniques 
of analysis may be employed. In the present study the time 
activity curve of each individual pixel point was analysed in 
order to display the regional distribution of various cardiac 
parameters within the heart region. This method of 


analysis—known as parametric scanning—-can be used to 
detect regional wall motion abnormalities (RWMA) of 
different kinds. 

The “peak filling rate" scans showed the greatest sensi- 
tivity for detecting RWMA when compared with contrast 
ventriculography (9795) but a combination of various para- 
metric scans (phase and amplitudes of the first Fourier co- 
efficient of the pixel curves, end-diastolic minus end- 
systolic count differences, count differences between the end 
of the fast filling period and end systole) vielded an optimal 
combination of sensitivity and specificity (91%, 90%). 
Phase analysis proved particularly sensitive in the presence 
of paradoxical motion. 
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CLINICAL EXPERIENCE WITH PHASE ANALYSED GATED 
CARDIAC STUDIES 


By 5. Walton and P. J. Ell 


Departments of Cardiology and Nuclear Medicine, 
Middlesex Hospital and Medical School, London 


Phase analysis of radionuclide angiocardiograms can be used 
to detect ventricular regions with abnormal emptying pat- 
terns. We have compared phase evaluation with cardiac 
catheterization data. 

Eighty-six subjects underwent equilibrium radionuclide 
studies in the LAO projection. Twenty-six were normal and 
of 60 with coronary disease, 38 had total occlusion of at least 
one major coronary artery. Fifty-one subjects underwent 
first pass radionuclide studies in the RAO projection: 18 
were normal and 23 of 33 with coronary disease had total 
occlusion of at least one major coronary artery. Phase 
analysis was performed on a regional basis for all subjects. 

In both equilibrium and first pass studies there was an 
inverse relationship between the maximum value of regional 
phase and the left ventricular ejection fraction. High phase 
values were specific for total occlusion of a major coronary 
artery. In the first pass study a direct comparison of regional 
phase values and the amplitude of regional wall motion re- 
vealed progressively higher phase values with increasing 
severity of wall motion abnormality. In the equilibrium 
study, where such comparison was not possible because of 
the different projection, high phase values were only found 
in ventricles with severe wall motion abnormalities. Both 
approaches were particularly suited to the detection of ven- 
tricular aneurysm and could greatly facilitate estimation of 
the contractile segment ejection fraction. 

Phase analysis represents an important advance in the 
non-invasive evaluation of regional ventricular contraction 
patterns. 


VALIDATION OF STRESS TESTING IN NUCLEAR 
CARDIOLOGY 


By R. J. Wainwright, D. A. Brennand-Roper and 
M. N. Maisey 


Departments of Cardiology and Nuclear Medicine, 
Guy's Hospital, London SE] 9RT 

Exercise ??"T] myocardial scintigraphy COUT] EMS) and 
rest/exercise comparisons of ventricular function using 
9"T'c" multiple gated blood pool imaging (°°Tc™ GBPS) are 
sensitive techniques in the detection of patients with 
coronary artery disease. In this study of 118 patients (48 
normal, 70 with coronary artery disease) TI EMS was 
compared with Tem GBPS performed during dynamic 
supine exercise (DSE), isometric handgrip (IHG) and 
peripheral cold stimulation (CS) to determine the validity 
of different forms of stress. A fall of 8°, in global left ven- 
tricular ejection fraction (LVEF) or impaired regional wall 
movement (RWM) was regarded as abnormal. 

Most patients with normal coronary arteries had a signifi- 
cant increase in mean LVEF and preserved RWM with each 
intervention but false positive results occurred in 4°% 
patients with IHG, 5% patients with CS and 20°, patients 
with DSE. 30T] EMS was falsely positive in 8?4 patients. 

In contrast most patients with obstructive coronary artery 
disease developed a significant fall in LVEF or abnormal 
RWM. CS was the most sensitive intervention during 
9"Tem GBPS identifying 87°, patients with coronary artery 
disease compared to 62°, patients with both forms of 
exercise, “ITI EMS was abnormal in 90°, patients. 


Five patients with normal coronary arteries had angio- 
graphic evidence of coronary artery spasm. Only CS:99Te™ 
GBPS became abnormal in this group, probably due to cold- 
induced spasm of a large coronary artery. 

It is concluded that: CS in resting patients is more sen- 
sitive and more convenient than IHG and DSE during 
Tem GBPS and may be particularly suitable to evaluate 
patients with suspected coronary artery spasm in whom 
exercise may be an inappropriate intervention; CS:9%Tc™ 
GBPS has similar predictive accuracy to ?9!'T] SMS pro- 
viding a useful economy in cost of tracer. 


CLINICAL EXPERIENCE WITH STRESS TESTING IN 
EQUILIBRIUM GATED CARDIAC STUDIES 


By A. L. Muir 
Department of Medicine, Royal Infirmary, Edinburgh 


Gated blood pool imaging allows assessment of ventricular 
performance during stress, In contrast to normal subjects in 
whom left ventricular fraction increases during exercise, 
patients with coronary artery disease show no increase or 
even a fall in ejection fraction (EF). Concern about chest 
wall movement during the acquisition of the exercise data 
and technical difficulty in conducting dynamic exercise has 
led to a search for alternative stress tests, but in our hands 
neither pharmacological stimulation nor the ice pressor test 
have proved good discriminators. We continue with supine 
dynamic exercise as our principal stress test and illustrate its 
use in stable and recent onset angina and after myocardial 
infarction. 

1. In 47 patients with stable angina the change in ejection 
fraction on exercise related to the number of vessels in- 
volved and to a myocardial perfusion score derived from the 
extent of vessel disease and the distribution of these vessels. 

2. About 20°, of patients with recent onset angina have a 
poor prognosis but identification. of this subgroup has 
proved difficult. In 19 patients with recent onset angina EF 
was measured before and during supine exercise and in nine 
it fell by at least 0.10. In five of these nine prognosis was 
poor at six months and two have proceeded to infarct. 

3. Following myocardial infarction ejection fraction is 
usually reduced. In 100 patients recovering from their first 
infarct a low resting ejection fraction was predictive of the 
subsequent development of heart failure, ventricular ar- 
rhythmias and sudden death, but not of angina. However a 
fall in EF on exercise was highly predictive of those likely 
to develop angina. 

The results suggest that changes in ventricular perform- 
ance during exercise may be used to predict the extent of 
coronary artery disease and the subsequent prognosis. 


MYOCARDIAL PERFUSION AND METABOLISM: 
QUANTITATION IN PATIENTS USING POSITRON 
TOMOGRAPHY 


By A. P. Selwyn 


Cardiovascular Research Unit, Hammersmith Hospital, 
Du Cane Road, London W12 


Patients presenting with angina pectoris suffer underlying 
transient disturbances of regional myocardial perfusion and 
metabolism. These ischaemic episodes jeopardize ventricu- 
lar myocardium. One role for radionuclides is to detect and 
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quantify these disturbances for diagnosis, management and 
basic research into mechanisms. Single photon emissions 
(9 TI) and the gamma camera do not provide pure physio- 
logical measures of either flow or metabolism and the 
gamma camera cannot quantify events in the heart. Tom- 
ography using positron emitting isotopes is able to quantify 
the true concentration of tracer in the myocardium non- 
invasively. 

Rubidium 82 (derived from a generator) has been de- 
veloped for intravenous infusion and used with the positron 
camera. This provides a measure of the regional myocardial 
uptake of this potassium-like cation, The short half life (78 
8) allows repeated studies. Patients with angina and coronary 
disease have shown that the regional defects in scans during 


angina appear because of an absolute reduction in tracer 
uptake in the affected region. The regional defects due to 
ischaemia persist much longer than pain and the electro- 
cardiogram suggest. 

Inhalation of COs (labelled with !?O) is being developed 
for quantitation of regional myocardial perfusion and HC 
acetate (intravenously) is being used to assess oxidative and 
anaerobic processes in each region of the myocardium. 

The purpose of the above research is to characterize the 
disturbances of regional myocardial perfusion and metabo- 
lism in patients with angina pectoris in order to understand 
the causes that trigger acute regional myocardial ischaemia. 

This research was supported in part by the British Heart 
Foundation and the Wellcome Trust. 


Observer performance in diagnostic radiology 


Chairman: Dr. B. S. Worthington 


The eye sees, but the brain knows, by B. S. Worthington. 


Visual search and recognition-~complexity in simplicity, by A. G, Gale. 
Approaches towards an objective assessment of image quality, by P. F. Sharp. 


THE EYE SEES, BUT THE BRAIN KNOWS 
By B. S. Worthington 


Department of Diagnostic Radiology, 
University of Nottingham 


The radiological task has similarities to other visual in- 
spection problems more commonly subsumed within the 
province of experimental psychology including visual search, 
signal detection, pattern recognition and vigilance studies. 
Research techniques and recommendations found useful in 
these situations are beginning to be applied to radiology. 

Pattern recognition is central to the everyday work of a 
diagnostic radiologist and involves matching information in 
the immediate memory store with that previously acquired 
and retained in the long term store. The study of images 
generated from long term memory allows inferences to be 
made about the ways in which information is stored and 
also to determine whether information is abstracted from 
such images in ways similar to those employed in viewing 
radiographs directly. 

There is evidence that our memory of a particular radio- 
logical appearance is coded and stored separately in both a 
visual or spatial mode and also in a verbal mode. 'This 
representational format of the information stored in long 
term memory is well suited to the operations performed 
upon it. Our memory of a particular radiological appearance 
probably does not resemble a photographic copy, but is 
rather a reconstruction derived from stored information 
which records the spatial relationships within the image and 
also reflects a number of stored propositions which contain 
our prior interpretation of the image. 

There is evidence that our processing of information de- 
rived from direct viewing of radiographs runs in parallel with 
a conceptually driven analysis which derives from expect- 
ations generated from within the context of the film, 

The principal factors limiting the observer's capacity to 
process data derived from viewing radiographs include our 
limited memory capacity; our selective rather than com- 
prehensive abstraction of information; our inabilitv to in- 
tegrate a great deal of information simultaneously and the 
fact that our inevitable simplification of judgement tasks 
introduces bias into decision making. 


Research in this area is directed towards answering two 
questions: what are the activities involved in reporting 
radiographs? and what does learning radiology consist of? 
The answers to these clearly bear on understanding the 
cause of reporting errors and on improving our techniques 
for effective radiological teaching. 


VISUAL SEARCH AND RECOGNITION—COMPLEXITY IN 
SIMPLICITY 


By A. G. Gale 
Division of Radiology, University Hospital, Nottingham 


Examination of visual search in radiology is useful in deter- 
mining some of the underlying factors of radiological per- 
formance. Introspective reports by radiologists of how they 
have visually examined a radiograph do not give a reliable 
account of their search behaviour, In order to examine this 
process it 1s thus necessary to record the eye movements of 
the observer. 

Using this approach it has been shown that radiological 
experience may serve to produce patterns of search which 
are qualitatively different from that of a more naive observer, 
although such differences merit more quantitative assess- 
ment. The real effect of such experience must be in selecting 
the appropriate schema for the task of recognition. Instruc- 
tions or clinical information serve to set up visual expec- 
tancies prior to viewing the film itself, This can affect both 
the search pattern and recognition performance. It is there- 
fore advisable to search a film both before and after reading 
clinical information. Similar advice pertains to viewing a 
current film before and after reviewing previous films of the 
same patient, Instructions to search a film in a prescribed 
manner were found to be counter-productive by interfering 
with the individual's own cognitive search strategies. 

A more confident decision about the degree of normality 
or abnormality of a film is not produced by permitting un- 
hmited viewing of the radiograph as the radiologist can still 
be constrained by his prior visual expectancies. Thus a 
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gross abnormality can be exceedingly difficult and frustrat- 
ing to detect. At the same time radiologists can detect ab- 
normalities in approximately a single fixation, These two 
extremes illustrate the problems of "looking without recog- 
nizing” and “recognizing without looking" and serve to 
demonstrate that the area of the radiograph which the ob- 
server is fixating is not necessarily where he is attending. 
Further work in this area will lead to the clarification of 
such problems and will not only help current radiological 
practice but will enhance the training of new registrars. 


APPROACHES TOWARDS AND OBJECTIVE ASSESSMENT 
OF IMAGE QUALITY 


By P. F. Sharp 


Department of Bio- Medical Physics and Bro-Engineering, 
University of Aberdeen 


Three methods for subjectively measuring image quality 
were considered ; the method of constant stimuli, signal de- 
tection theory and ranking: rating. 

Provided that the criterion used by an observer to reach 
a decision on the presence or absence of an abnormality can 


Good cosmetic results and cure? 
Chairman: Dr. K. E. Halnan 


be defined then the method of constant stimuli is useful for 
measuring image quality in terms of physical parameters 
such as minimum detectable detail size. However, it often 
requires that a large number of images be viewed. 

Signal detection theory avoids the need to define the ob- 
server’s decision criterion by measuring his ability to dis- 
criminate between two sets of images, usually normal and 
abnormal, in terms of the variation of true and false positive 
visual responses as the observer's decision criterion is 
changed. However, there are problems in analysing the data 
when correct location of the abnormality is also necessary 
and in defining the population of abnormal images. With 
some types of images it is difficult to produce a high false 
positive response rate and so plotting of the ROC curve be- 
comes inaccurate. Finally the results do not indicate what 
true and false positive response rate an observer actually 
produces in clinical practice. 

Ranking techniques simply require the observer to arrange 
a set of images in order of quality. This avoids the need to 
define quality in terms of a specific task, such as the ability 
to detect an abnormality, but does not give a numerical 
measure of quality. 

With rating methods quality is quantified by assigning 
scores to particular parameters associated with quality e.g. 
an image with good contrast would be given a higher score 
than one with poor contrast. The overall quality of an image 
is then given by the sum of these individual scores. Choice 
of score values poses a problem. 


Optimization of skin treatments, by Margaret Spittle (no abstract received). 

Treatment of soft tissue and bone sarcomas, by Jill A. Bullimore (no abstract received). 

Aesthetic results in breast carcinoma treated by irradiation, by J. R. Vilcoq, R. Calle and P. Schhenger. 

The cosmetic and functional effects of fast neutrons in the treatment of tumours of the face, by Mary Catterall and R. D. 


AESTHETIC RESULTS IN BREAST CARCINOMA TREATED 
BY IRRADIATION 


By *J. R. Vilcoq, TR. Calle and *P. Schlienger 


* Radiotherapy Service "C" and t Medical Section, 
Institut Curte, Paris 


Since 1960, following the work carried out by Baclesse and 
Taillefer at the Curie Institute, we have applied radiotherapy 
to breast cancer operable at first (T1, T2, T3 10 cm, NO, 
Nia, N1b), Le., either lumpectomy plus irradiation (T1, T2 
3 cm, NO, Nta) or exclusive irradiation T1, T2, Nib, T3 
NO, T3 Nib). Complementary surgery is performed when 
complete sterilization has not been obtained immediately 
after the treatment or in the case of recurrence and 953 
cases have survived at least five vears. 

Techniques of treatment and five- and ten-vear-survival 
were described. Cosmetic results have been evaluated in 252 
cases relating to patients with a ten-year survival. We 
divided these cases into three groups: excellent to good, 
good to fair, poor. 

The cosmetic results have been determined in correlation 
with (1) the therapeutic protocol chosen, z.e. either lumpec- 
tomy plus irradiation or exclusive irradiation. The best 
cosmetic results have been obtained by lumpectomy plus 
irradiation (good results in 77%, whereas for exclusive ir- 
radiation only 4595); (2) the size of the breast: the smaller 


the breast and the smaller the field of irradiation, the better 
the cosmetic results obtained ; (3) the dose. 

Conclusion: if the breast is small or average; if the field of 
irradiation is small; if the protocol chosen is lumpectomy 
plus irradiation; if the patient is treated by ®°Co and the 
dose to the breast is lower than 6400 cGy (rad) we have good 
reasons to expect excellent or good results. 


THE COSMETIC AND FUNCTIONAL EFFECTS OF FAST 
NEUTRONS IN THE TREATMENT OF TUMOURS OF THE 
FACE 


By Mary Catterall and R. D. Errington 


M RC Cyclotron Unit, Hammersmith Hospital, 
Du Cane Road, London W12 


Fast neutrons differ significantly from photons both bio- 
logically and in their physical interaction with matter. They 
are two to three times more effective against hypoxic cells 
and, relative to muscle, they are more absorbed by fat and 
less absorbed by bone than are photons. 'The latter means 
that where tumours are of soft tissue and are in or near bone, 
an advantageous therapeutic difference exists between the 
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normal bone and tumour when neutrons are used (Catterall 
and Bewley, 1979), 

The importance of hypoxia as a cause of failure in local 
cure has been illustrated by the hvperbaric oxvgen trials 
(Henk et al., 1977) where significantly better tumour con- 
trol was achieved when conventional radiotherapy was given 
in hyperbaric oxygen. The importance of preserving facial 
bones, in contrast to their removal by radical surgery for 
tumours of the mouth and paranasal sinuses, is seen in the 
avoidance of severe disfigurement and disability of talking, 
eating and drinking which are the sequelae of surgery. In 
malignant parotid-gland tumours the facial nerve is nearly 
always severed by surgery with very disabling results. 

Fast neutrons have been used in 117 cases of stage 3 and 4 
tumours of the oral cavity, oropharynx, salivary glands and 
paranasal sinuses. There was complete regression of tumour 
for more than one year in 86%, 10094, 029? and 75%, of cases 
respectively and the overall recurrence rate was 12.5% 
Serious complications arose in 1694 but this figure would be 
reduced if less advanced and therefore smaller tumours were 
treated. Biopsy after neutron therapy precipitated necrosis 
in six cases (all negative for tumour) and so is contra- 
indicated. These six cases are included in the 16% compli- 
cation rate. 

The value of the low absorption of neutrons in bone is 
shown by the absence of radiation induced necrosis and the 
remodelling of eroded bone after regression of the tumour. 
These factors enable dentures to be worn and speaking, 
eating and talking are normal. In salivary gland tumours the 
facial nerve has never been damaged and indeed recovery of 
function occurs when the tumour mass resolves, provided 
that paralysis has not been present for more than 2 months. 

The control rate using neutrons is very high even in ad- 
vanced tumours and the cosmetic and functional results are 
very good. There are strong indications for controlled 
clinical trials comparing neutrons with surgery in operable 
cases and neutrons with iridium implants in carcinoma of the 
tongue. In the meantime, fast neutrons have a major contri- 
bution to make in the treatment of tumours in the face. 


REFERENCES 
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Proffered paper 


Chairman: Dr. A. Dixon 


CT SCANNING IN THE PAROTID REGION 
By S. J. Golding 


Department of Radtology, Royal Marsden Hospital, 
Sutton, Surrey 


‘Twenty cases of swellings of the region of the parotid 
gland have been examined using the EMI CT 1010 Head 
Scanner. The technique of the examination and the ab- 
normal CT appearances were described. 

Neoplasms were demonstrated in eight patients, two of 
these being due to secondary deposits in the region of the 
parotid. The other lesions demonstrated include cystic 


Henk, J. M., KUNKLER, P. B. and Smitu, C. W., 1977, 
radiotherapy and hyperbaric oxygen in head and neck 
cancer: final report of the first controlled clinical trial. 
Lancet, ii, 101—103. 


THE PLACE OF SURGERY IN THE MANAGEMENT OF 
TUMOURS OF THE HEAD AND NECK 


By E. N. Gleave 
Christie Hospital and Holt Radium Institute, Manchester 


Surgery is used most frequently in the management of prim- 
ary tumours of the head and neck after radiation therapy has 
failed, when tumours are residual or recurrent, and for 
major necrosis following irradiation. There are special in- 
dications for primary surgery but they are uncommon. 'The 
extent of surgery must often be radical in order to obtain a 
margin of clearance around a tumour and removal of pre- 
viously irradiated tissue so that repair can be done between 
normal tissues, although lesser procedures can sometimes be 
used. Cervical lymph nodes involved by metastatic tumour 
are better treated surgically by block dissection which is 
often incorporated as part of a resection in continuity. 

There have been many advances in the technique of re- 
constructive surgery within the last two decades. Tissue for 
repair may be obtained by the use of local flaps, regional 
flaps with axial or random blood supply, myocutaneous flaps 
and free flaps from a distant site with microvascular anasto- 
mosis of feeding blood vessels. Reanimation of the para- 
lysed face can now also be achieved in several different ways. 

The success of surgery must be judged not only by its 
beneficial effect on control of disease or provision of good 
palliation but also by successful rehabilitation after surgical 
treatment. This can only be assessed by restoration of good 
function and appearance. Radiation and surgery are still the 
only methods of cure for malignant tumours of the head and 
neck and are often complementary to each other. More at- 
tention should be given to the additive effects of sequential 
treatment rather than independent analysis since there 
should be no element of competition. 


hygroma, branchial cyst and tuberculous lymph nodes. All 
tumours showed significantly higher attenuation values than 
normal salivary tissue and contrast media, either intra- 
venous or intraglandular, were not found to be necessary for 
adequate demonstration. 

In all patients the precise extent of the tumour was de- 
lineated and the technique is particularly useful in planning 
surgery, especially in cases of tumours of the deep lobe of 
the parotid. 

CT appears to be an accurate method of excluding 
macroscopic tumour at presentation or after surgery. Four 
patients with normal CT appearances were submitted to 
surgery on symptomatic grounds and subsequent histology 
confirmed the presence of normal salivary tissue. 
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Chairman: Dr. B. K. Wignall 


A lump in the chest, by C. D. R. Flower (no abstract received). 


Recurrent urinary infection in childhood, by I. Gordon. 
Mild head injuries in casualty, by G. J. de Lacey. 


RECURRENT URINARY INFECTION IN CHILDHOOD 
By I. Gordon 


Hospital for Sick Children, Great Ormond Street, 
London WC! 


The first proven urinary tract infection (UTI) warrants in- 
vestigation (Aascher, 1980). The aim is adequate visualiz- 
ation of the kidneys and establishing the cause of the UTI. 
Previously an IVU and MCU were carried out (Saxena et al., 
1975). An abdominal ultrasound and ?"Tc* dimercapto- 
succinic acid (DMSA) scan (Merrick et al., 1980) are now 
the base-line examinations. An MCU is required in all 
males and in girls under five years of age; if normal no 
further imaging is required. When a second U'TI occurs 
then an IVU together with a repeat ultrasound and ?*'T'c 
DMSA should be done. If these are normal then cystoscopy 
is needed if further UTI occurs. If the abdominal ultra- 
sound and/or the Tem DMSA scan are abnormal an IVU 
and MCU are required regardless of the child's age or sex. 

The natural history of uncomplicated vesico-ureteric re- 
flux (VUR) is spontaneous cessation with age. Renal scars 
only occur under four years of age and are associated with 
intrarenal reflux and infection. When VUR is detected, 
every child requires follow-up by radioisotope cystogram, 
either the direct or indirect method (Conway et al., 1974). 

Following ureteric surgery follow-up is by "Tc" DTPA 
scan with frusemide if necessary. When renal scarring has 
occurred long-term follow-up is essential because of the 
possibility of hypertension and/or chronic renal failure. An 
abdominal ultrasound coupled with Ter DMSA scan at 
two yearly intervals is suggested. Tem DTPA if combined 
with individual kidney GFR results needs careful evalu- 
ation. 
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MILD HEAD INJURIES IN CASUALTY 
By G. de Lacey 


X-ray Department, Northwick Park H ospital and 
Clinical Research Centre, Harrow, Middlesex 


A retrospective study of 130 consecutive patients referred 
from the accident and emergency department for skull radi- 
ography was presented. 

A distinction must be made between mild and severe head 
injuries, The patients in this series had sustained mild in- 
juries, and this accounts for the vast majority of the 1000000 
patients who attend casualty each year. A distinction must 
also be made between head injuries in children and adults. 
In children there is a low association between an intra- 
cranial haematoma and a skull fracture. However, nearly 
90°, of adults with an intracranial haematoma have a frac- 
ture. This distinction has not always been made in the 
radiological literature and general observations;conclusions 
drawn from either the classical paediatric papers or patients 
of unstated age are misleading. The sensible application of 
clinical guidelines would undoubtedly reduce the number of 
X-ray films requested, but the uselessness of skull radi- 
ography has been overstated. Firstly, a depressed fracture 
may be impossible to detect clinically and a skull radiograph 
is essential if intracranial infection is to be prevented in 
some of these patients. Secondly, consideration should be 
given to the clinical use of skull films as an aid to reducing 
the number of adults with mild injuries admitted to hospital 
for observation. 

Many authors have stressed the low clinical return and 
expense of skull X-ray films but fail to compare this with the 
cost of overnight admissions for observation, In 1972 there 
were 142000 admissions to hospital for head injury in 
England and Wales and the vast majority of these were mild 
injuries. Moreover, admissions for head injury increased by 
more than 409, between 1963 and 1972, and short-stay 
admissions for one day or less accounted for this increase. 

There remains a serious reservation that normal skull 
radiographs be used to help reduce admissions for obser- 
vation. In this study there were four fractures in 130 patients 
and two were not recognized by the casualty officer. Ob- 
viously it would be unwise to suggest that casualty officers 
should use “normal”? films to reduce admissions if a high 
proportion of fractures are missed. The time during which 
most head injuries occur has a particular importance in this 
regard. In children and adults they occur mainly after 5 p.m. 
and reach a peak at the weekend. During these times most 
radiologists are not in the hospital and films cannot be 
readily brought to them for either a second opinion or im- 
mediate reporting. At weekends it would be common for 
more than 24 h to elapse before a missed fracture would be 
reported. Nevertheless, if clinical and radiological compe- 
tence in casualty were improved it should be possible to 
reduce both the amount of radiology as well as the number 
of unhelpful admissions for observation following mild head 
injury. 
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DIRECT MEASUREMENT OF DOSE AT DEPTH IN BREAST 
CANCER USING LITHIUM FLUORIDE 


By P. J. D. K. Dawes, E. G. Aird, I. Crawshaw 
and P. Kevey 


Royal Victoria Infirmary, Newcastle 


A three-field technique is used to irradiate the breast and 
regional gland areas when the breast is to be conserved. One 
month later the tumour-bearing area receives a boost of radi- 
ation using ??Ir as a temporary implant. It is possible before 
placing the iridium into the nylon tubes to use the tubes to 
carry LiF thermoluminescent rods. A fraction of external 
beam therapy is given, allowing direct measurement of the 
dose received at depth in the breast. 

The table shows the prescribed dose, the mean measured 
dose and standard variation and the percentage difference 
between these doses in 14 cases. 

The range of differences was between -1 5.5%, and 
t 2995. If the two very wide results are excluded 12 of the 14 
cases had a mean variation of 5.6%, from the prescribed 
dose. Within some breasts there was also considerable vari- 
ation about the mean. Possible explanations for the vari- 
ations are first that the doses are prescribed on a central 


As this conservative technique has been developed, 
modifications of approximately 5°, in the skin dose to re- 
duce the acute reactions have been made. The concern must 


Retreatment 


Chairman: Professor R. J. Berry 


be that a similar dose variation within the breast might lead 
to local recurrence. 

The technique described is feasible and demonstrates 
variations within the volume of interest. The intention is to 
make further modifications in the treatment technique in the 
light of these findings and further phantom studies and then 
to use Lik rods to assess the technique. 





Mean 
Prescribed | measured — 
dose dose or, Measured 
(cGy) (cGy) | x1 s.d. Difference prescribed ® 
202 193 20 —4.85 
235 303 19 1.29 
240 265 4 4-10 
246 208 14 — 15.5 
247 239 6 — 3.2 
247 251 21 ++ 1.6 
248 235 5 —5.3 
250 264 20 -- 5,6 
250 231 14 —7.6 
252 273 8 4-8 
252 250 9 — 0,8 
264 270 28 -4- 2.2 
350 314 13 ~~ 10.3 
351 378 24 4-77 


Persistence of chromosomal lesions in human lymphocytes and skin fibroblasts, by J. R. K. Savage. 
Ability of normal rodent tissues to tolerate retreatment, by ]. V. Moore. 


Retreatment by hyperthermia, by Marilyn P. Law. 
Clinical aspects of retreatment, by R. D. Hunter. 


PERSISTENCE OF CHROMOSOMAL LESIONS IN HUMAN 
LYMPHOCYTES AND SKIN FIBROBLASTS 


By J. R. K. Savage 
MRC Radiobiology Unit, Harwell OX11 ORD 


Chromosomal aberrations can be reduced to four categories 
on the basis of the location of the participating lesions in re- 
lation to the chromosome arms. Those involving the inter- 
action between two lesions may appear at metaphase in one 
of two forms, asymmetrical (4) or symmetrical (S). 

A forms always have an acentric fragment, lead to genetic 
loss and sometimes mechanical problems at mitosis and are 
readily observed and scored with conventional staining 
methods. 

S forms never produce acentric fragments (unless inter- 
action of lesions is incomplete), very rarely lead to genetic 
imbalance, and many types cannot be observed without re- 
course to chromosome banding techniques. 

Thus, in a dividing cell population, we expect 4 forms to 
be eliminated within a few cell generations, but S forms to 


persist more or less indefinitely. Both forms should persist 
in a non-dividing population. 

These expectations are generally fulfilled. A low but signi- 
ficant level of A forms is still found in lymphocytes of 
atomic bomb survivors and patients who received therapy 
for ankylosing spondylitis 25 years ago. S forms remain high 
and steady in both groups. Several other examples can be 
cited, all pointing to the existence in vivo of some very long- 
lived lymphocytes. 

In fibroblasts from irradiated skin, it is difficult to obtain 
much information about 4 forms, but an abundance of S 
forms (not all genetically balanced) has been found up to 60 
years after treatment, together with a lack of evidence to 
suggest any selection against aberration-bearing cells for 
tissue repair. From work with liver, thyroid and skin, there 
is some indication that, given time, aberrations may be re- 
moved by repair before division. The amount of repair may 
differ between tissues and is quicker after X ravs than after 
neutrons. 

It is suggested that, for practical purposes, the persistent 
aberrations which will be present in tissues after a previous 
course of therapy are probably of little relevance to re- 
treatment. 
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ABILITY OF NORMAL RODENT TISSUES TO TOLERATE 
RETREATMENT 


By J. V. Moore 


Paterson Laboratories, Christie Hospitql and 
Holt Radium Institute, Manchester 


This paper discusses data from the experimental literature 
pertinent to the problem of residual injury and "tolerance" 
to retreatment. The time scale of recovery (repair and re- 
population) of normal rodent tissues after a first dose or 
course of radiation or chemotherapy varies widely, with re- 
population intervals of days for intestinal mucosa, a few 
weeks for bone marrow and skin, and several weeks to 
months for elements in CNS, lung and bladder. In a few 
cases, residual injury that may affect the outcome of a 
second treatment given during or after the recovery phase 
can be demonstrated directly in terms of altered cell num- 
bers or functional capacity. Particularly where the first 
treatment is given as a course (e.g. 1.0 to 4.5 Gy of X raysq 
3 wkx4) the CFU, of the marrow do not recover fully, 
either quantitatively—with the above schedule their num- 
bers return to a plateau only 30 to 4095, that of controls—or 


Similar effects can occur after courses of drugs, notably 
busulphan and BCNU. Also, in the mouse a single tolerance 
treatment of adriamycin reduces the capacity of cells of the 
intestinal epithelium to proliferate in response to subsequent 
irradiation, even at intervals between agents of approxi- 
mately two months. 

More often, evidence for residual injury has been sought 
in terms of altered tolerance to a second treatment measured 
at tissue, organ or whole-animal level: does, for example, 
foot or tail breakdown resulting from “‘connective-tissue” 
injury in the skin, paralysis arising from CNS injury, or 
thoracic lethality from lung damage, occur at the same or at 
lower dose levels as in non-pretreated rodents? For skin, the 
second dose required to elicit either "early" or "late" toler- 
ance end-points tends to fall as a function of the increasing 
effectiveness of the first treatment, but to no more than 90° 
of the single dose producing the same degree of damage in 
non-pretreated animals (with the important exception of one 
study using 10f/11 days, where second-dose tolerance was 
reached at only 6075). For murine lung treated by two equal 
doses of X rays separated by six weeks, second dose toler- 
ance was exceeded at 70°, and for neutrons at about 6097, 
of the single-dose equivalent. In the spinal cord two 
different modes of injury leading to paralysis are expressed 
at different times. A separation of two X-ray doses by 16 
weeks yielded a second dose tolerance of 75% for white 
matter necrosis in the rat, but only 50?, for paralysis result- 
ing from vascular damage. 


RETREATMENT BY HYPERTHERMIA 
By Marilyn P. Law 


MRC Cyclotron Unit, Hammersmith Hospital, 
London W12 OHS 


Hyperthermia, given alone or in combination with radio- 
therapy, is already being used to treat cancer patients who 
are not expected to respond favourably to conventional 
treatment. In particular, recurrent tumours at previously 
irradiated sites are being heated. 

Experiments with rodents show that it is possible to 
separate two effects of heat. 1. Heating at temperatures 
greater than 41^C may cause direct thermal injury which is 
probably the result of intermitotic cell death. 'T'he severity 


of the reaction depends on both the temperature and 
duration of heating. 2. Heat treatments which alone cause 
little effect may enhance the response to radiation. In this 
case cells die at mitosis as is usual after ionizing radiations. 
Enhancement also depends on the temperature and duration 
of heating. It is maximal when heat and radiation are given 
simultaneously and decreases as the time between the two 
modalities is increased. Experiments using rodents show 
that if heat is given four to six hours after X rays, thermal 
enhancement is completely lost in normal tissues but not in 
tumours. Therefore a therapeutic gain may be achieved. 

The long-term effect of a previous course of radiation on 
the reponse to hyperthermia has been investigated in two 
normal tissues of the mouse. Thermal sensitivity of the skin 
was increased at three to four months after X rays. Com- 
parable increases in sensitivity to retreatment with X rays 
have been seen. Thermal sensitivity of the intestine was in- 
creased at two to three weeks after X rays, but in this case 
sensitivity returned to normal by four to five months. 

There is no indication that patients who have received a 
previous course of radiotherapy are more sensitive to sub- 
sequent treatment by hyperthermia, either given alone or 
combined with radiation, than those who have had no pre- 
vious treatment. However, only a small number of patients 
is available for review. The data from experiments using 
mice indicate that the possibility of increased thermal sensi- 
tivity after previous radiotherapy cannot be excluded. 


CLINICAL ASPECTS OF RETREATMENT 
By R. D. Hunter 


Christie Hospital and Holt Radium Institute, Withington, 
Manchester 


Clinical teaching and instinct inhibit the practising radio- 
therapist from retreating malignant disease of “limited sensi- 
tivity" when recurrence has taken place within the previous- 
ly treated volume. Tolerance has been considered to be 
exhausted in the first radical treatment and there is doubt 
about the responsiveness of recurrent or radiation induced 
tumours. 

Personal experience of retreating heavily irradiated 
human skin and radiation-induced hypo-pharyngeal carci- 
noma had suggested that, after a gap of 20-40 vears, 
tolerance in treated tissues recovers sufficiently to allow 
racicel treatment to be given. Acute reactions are of normal 
severity and among 21 treated patients no necrosis was seen 
even when eight patients survived two years. In three 
^itients the radiation-induced carcinoma proved radio- 
curable (Hunter and Stewart, 1977). 

Reported international experience of retreatment of the 
primary volume after previous radical radiotherapy is 
limited. À critical review of the results obtained in retreating 
carcinomas of the larynx, pharynx and mouth has substanti- 
ated the previous experience of normal acute reactions 
following the second treatment. Late reactions with necrosis 
have been seen in anything up to one third of patients and 
appear more likely if the recurrence appears early, is of large 
volume or is treated by interstitial or intracavitary therapy. 
Late recurrence of carcinoma is controllable for periods of 
years. Clinical experience supports the concept of recovery 
of radiation tolerance with time in human tissues. The time 
scale of the process is not clear from the relatively random 
reported clinical events. There is no evidence to support the 
concept that a tumour recurrent after radical radiotherapy 
is likely to be radioresistant. 


REFERENCE 
Hunter, R. D. and Srewart, f. G., 1977. The tolerance to 
re-irradiation of heavily irradiated human skin. British 
Journal of Radiology, 50, 573-575. 
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FELLOWSHIPS AND GRANTS FOR CANCER RESEARCH 

The International Union against Cancer invites appli- 
cations for Yamagiwa-Yoshida Memorial International 
Cancer Study grants (deadline December 31) and Inter- 
national Cancer Research Technology Transfer Programme 
Grants. Details and application forms from: UICC, rue du 
Conseil-General 3, 1205 Geneva, Switzerland. 

The International Agency for Research on Cancer (World 
Health Organization) invites applications for training 
fellowships in 1982/3 from junior scientists wishing to be 
trained in the fields of epidemiology, biostatistics and 
environmental carcinogenesis (both chemical and viral). 
Details and application forms from: The Head of the 
Research Training and Liaison Programme, 150 cours 
Albert-Thomas, 69372 Lyon Cedex 02, France. Deadline 
January 31 1982. 


Tur RADIOLOGICAL DIAGNOSIS AND 
TREATMENT OF THYROID DISEASE 
| WEDNESDAY, NOVEMBER 18, 1981 
This all-day meeting, organized by the BIR Nuclear 
Medicine Committee, will be held at the Institute, 36 Port- 
land Place, London W.1. 'The meeting will cover all aspects 
of thyroid disease, including the use of isotopes. 


SUBCELLULAR TARGETS INCLUDING ULTRASONIC DAMAGE 

Radiobiology Work-in-Progress all-day meeting, Friday, 
November 20, at 10.30 a.m. at 36 Portland Place, London 
WIN 3DG. BIR members £1, non-members £2. Enquiries 
to the General Secretary, The British Institute of Radiology, 
at the above address (telephone 01-580 4085). 


THE Rovar CoLLEGE or RADIOLOGISTS 
46TH SKINNER LECTURE ON MEASUREMENT AND 
MANAGEMENT OF CANCER OF THE BREAST 
Dr. R. H. Thomlinson will deliver this lecture on Friday, 

November 20 at 4.30 p.m. at 66 Portland Place, London 
WIN 4AD. Chairman: Dr. John W. Laws, M.B., Ch.B., 
F.R.C.P., President of the College. Open to all members of 
the medical profession, free of charge. No tickets needed. 


Tug Errecrs or SMaLL Doses—~rue Basis or RADIATION 
PROTECTION 
All-day meeting on Saturday, November 21, at 10.45 
a.m., at 36 Portland Place, London WIN 3DG. Admission 
free. Chairman: Prof. R, J. Berry. Enquiries to the General 
Secretary, The British Institute of Radiology, at the above 
address (telephone: 01—580 4085). 


THe ROYAL COLLEGE or RADIOLOGISTS 
POSTGRADUATE WEEKEND COURSES 
Details of the above courses in Diagnostic Radiology and 
Radiotherapy & Oncology, to be held on Saturday, Novem- 
ber 21, 1981, can be obtained from the Meetings Secretary, 
The Royal College of Radiologists, 38 Portland Place, Lon- 
don WIN 3DG (telephone 01-636 4432/3). 


INTERVENTIONAL ARTERIOGRAPHIC PROCEDURES 
At the BIR, 36 Portland Place, London W1N 3DG, on 
Thursday, November 19 at 7.15 p.m. Speakers: Drs. D. J. 
Allison, M. Collins and D. Cumberland. Preceded (5.45 
p.m.) by a State of the Art Seminar on “ERCP: the radi- 
ologist's approach” (Chairman: Dr. M. I. Lavelle). 


SAFETY REVIEW AND INSPECTION OF NUCLEAR POWER 
PLANTS 

The International Atomic Energy Agency will hold a 
seminar in Vienna from November 23-27, 1981. Further in- 
formation and participation forms from D. A. Herbert, 
Department of Energy, Atomic Energy Division, Thames 
House South, Millbank, London SW1P 40] (phone 01-211 
6850). 


COMBINED MODALITY THERAPY-~CLINICAL AND 
LABORATORY ASPECTS 

A joint meeting (British Institute of Radiology and 
British Association for Cancer Research) will be held on 
November 26 and 27 at The Royal College of Surgeons, 
Lincoln's Inn Fields, London. Speakers: Professor N. M. 
Bleehan, Drs. R. Sandland, L. L. Gunderson, W. H. 
Shipley, J. Overgaard, S. Dische and Professor P. Alexander 
(the 2nd Gordon Hamilton-Fairley Memorial Lecture). 
Enquiries to: Dr. M. J. Embleton, Cancer Research 
Campaign Laboratories, University of Nottingham, Uni- 
versity Park, Nottingham NG7 2RD. 


BRITISH MEDICAL ULTRASOUND Society 
The 1981 Annual Meeting will be held on December 
14-15 at the University of London Union, Malet Street, 
London WC1, 


BRITISH AssOCIATION OF CLINICAL ANATOMISTS 
The Annual General Meeting will take place at the 
Warwickshire Postgraduate Medical Centre, Stoney Stanton 
Road, Coventry on Friday, January 15, 1982. 
Further details about the Association may be obtained 
from Prof. D. B. Moffat, Department of Anatomy, Univer- 
sity College, P.O. Box 78, Cardiff CF1 1XC. 


QUANTITIES AND UNITS FOR USE IN RADIATION PROTECTION 

Scientific meeting and exhibition, National Physical 
Laboratory, Teddington, Middlesex, Tuesday, January 26, 
1982. Organized by the Society for Radiological Protection. 
Enquiries: Prof. J. H. Martin, Dept. of Medical Biophysics, 
Blackness Laboratory, University of Dundee, Dundee 
DD! 4HN, 


‘THE MAYNEORD SYMPOSIUM 

Friday, February 19, 1982. This meeting is being organ- 
ized by, the BIR Council in honour of the 80th birthday of 
Professor W., V. Mayneord, C.B.E., F.R.S. It will be an all- 
day meeting to be held at the Royal Society, 6 Carlton 
House Terrace, London SW1. The theme for the meeting 
will be “The future in radiology" as seen by distinguished 
workers in a number of branches of radiological science. 


THe NATURAL RADIATION ENVIRONMENT 
Tuesday, March 30, 1982, at the Central Electricity 
Generating Board, Sudbury House, 15 Newgate Street, 
London EC1. Organized by the Society for Radiological 
Protection. Enquiries: Prof. J. H. Martin, Dept. of Medical 
Biophysics, Blackness Laboratory, University of Dundee, 
Dundee DD1 4HN. 
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TTH INTERNATIONAL INTENSIVE COURSE IN ABDOMINAL 
ULTRASOUND 

Besancon, France, April 14-16, 1982. Topics: technology, 
echoanatomy, sonography of the liver, biliary tract; pan- 
creas, jaundice, spleen, urinary tract, retroperitoneal com- 
partment, abdominal abscesses and fluid collections, acute 
and post-operative abdomen: obstetrics and gynaecology; 
guided biopsy. Practical training on sonograms and real- 
time videotapes. Faculty: Prof. F. Weill, Drs. Bihr, Le 
Mouel, Schraub, Rohmer (Besancon), Eisencher (Vesoul), 
Profs. Boog (Brest), Winsberg (Montreal), Curatti (Geneva), 
Holm (Copenhagen) and Dellenbach (Strasbourg). Regis- 
tration limited to 150 participants. Write: Cours U.S., 
Secretariat, Départment de Radiologie viscérale (Prof. 
Francis Weill), 2 Place St. Jacques, CHU Besançon 25000, 
France. 


EUROPEAN SOCIETY OF PEDIATRIC RADIOLOGY 
19TH CONGRESS, PRAGUE, APRIL 22-24, 1982 
Organized by the European Society of Pediatric Radi- 
ology, Czechoslovak Medical Society J. E. Purkyné, 
Czechoslovak Radiologic Society and the Czechoslovak 
Pediatric Society. Deadline for applications and abstracts: 
December 30, 1981. Information: Czechoslovak Medical 
Society’ J. E. Purkyné, 19th Congress of the European 
Society of Pediatric Radiology, Vitézného unora 31, 120 26 
Praha 2, Czechoslovakia. 


Society FOR RADIOLOGICAL PROTECTION 
THirp INTERNATIONAL SYMPOSIUM—INVERNESS 1981 

June 6-11, 1982. Main topics: radiation and risks; radio- 
biology and epidemiology; instrumentation and equipment; 
design of facilities; radioactivity in the environment; 
education and public information; legal and regulatory as- 
pects; accident management; non-ionizing radiation; 
medical techniques. Brochure from Symposium Organizer, 
SRP International Symposium, c/o NRPB Harwell, Didcot, 
Oxon OX11 ORQ. 


3RD WORLD FEDERATION MEETING FOR ULTRASOUND 
IN MEDICINE AND BrioLocy: JuLy 26-30, 1982 

This will be held at the Metropole Conference Centre, 
Brighton, England; and will incorporate the 5th World 
Congress of Ultrasound in Medicine and Biology. 

Over 2000 delegates are expected; many participants will 
also have an interest in radionuclide imaging, X rays and 
other investigative procedures. A large trade exhibition is 
being arranged as an integral part of the conference: bro- 
chure now available. Further details from: WFUMB-82 
Conference Office, 4L Portman Mansions, Chiltern Street, 
London W1M 1LF (phone 01-486 6582). 


3np WORLD CONGRESS or NUCLEAR MEDICINE AND BIOLOGY 

Paris, August 29-September 2, 1982. Main topics: 
radiopharmaceuticals; radio-immunoassay; clinical appli- 
cations; instrumentation; nuclear and non-nuclear investi- 


gations; radiobiology, health physics, dosimetry ; economics 
and management. Deadline for abstracts: December 1, 1981. 
Information: World Federation of Nuclear Medicine and 
Biology, B.P.28, F-91403 Orsay, France. 


WoRLD CoNcRESS oN MepicaL PHysics AND BIOMEDICAL 
SNGINEERING 1982 

13th International Conference on Medical and Biological 
Engineering; 6th International Conference on Medical 
Physics. September 5-11, 1982, Hamburg, Federal Republic 
of Germany. Presidents: Prof. W. Bleifeld (Hamburg) and 
Prof. D. Harder (Géttingen). Correspondence: Hamburg 
Messe, Congress Organization, D-2000 Hamburg 36, 
Germany. P.O. Box 30 23 60. 


THE NEUTRON AND ITs APPLICATIONS 

The Institute of Physics, in collaboration with AERE 
Harwell, is organizing an international conference in Cam- 
bridge, September 13-17, 1982, to mark the 50th anniversary 
of the discovery of the neutron. 

The conference aims to cover all aspects of neutron 
science. Plenary lectures will include G. Allen on The con- 
tribution of neutron scattering to the understanding of 
macromolecules, J. F. Fowler on neutrons in medicine, A. 
M. Lane on nuclear reactions caused by neutrons, C. 
Llewellyn-Smith on the structure of the neutron, A. R. 
Mackintosh on the contribution of neutron scattering to the 
understanding of magnetism, N. F. Ramsay on particle 
properties of the neutron, and C. G. Schull on wave proper- 
ties of the neutron. The conference will include a com- 
memorative session and a public session devoted to issues of 
general concern. There will be exhibitions of scientific 
equipment, and of historical interest. 

Further information from the Meetings Officer, The In- 
stitute of Physics, 47 Belgrave Square, London SWIX 8QX. 


STH SOUTH AFRICAN 
INTERNATIONAL RADIOLOGICAL CONGRESS 

The 5th South African International Radiological 
Congress, together with a Scientific and Technical Exhi- 
bition, will be held in Johannesburg at the Carlton Hotel 
from October 8 to 15, 1982. The theme is "Imageology'", 
and many of the most eminent international radiologists 
have been invited to participate. Honorarium lectures from 
overseas participants, if accepted, will be paid $250 per 
lecture. Further information: Dr, P. Reichman, Congress 
Director, PO Box 2251, Johannesburg 2000, Republic of 
South Africa. 


TTH INTERNATIONAL CONGRESS OF RADIATION RESEARCH 

Will be held at the International Congress Centre RAI, 
Amsterdam, The Netherlands, July 3-8, 1983. Information: 
Dr. J. J. Broerse (Secretary-general of the 7th ICRR), 
Radiobiological Institute TNO, PO Box 5815, 2280 HV 
Rijswijk, The Netherlands. 
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The British Journal of Radiology, September 1981 


We apologise to all our readers for the lateness of the 


September issue. 
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Treatment Simulators 
British Journal of Radiology Supplement 16, 1981 


This is a revised version of a working-party report which was first published in 1976 as 
BIR Special Report 10, and owing to heavy demand has been out of print for some time. 
The authors consider the place of planning simulators in modern radiotherapy and 
endeavour to set up guide lines for their future development, covering both specifications 
for the instruments and the ways in which they are used. The report also discusses the 
relationship between simulators and transverse axial computed tomography. 


The report has been fully updated and is highly detailed, containing 31 pages ,10 figures, 
and 59 references covering the period 1952 to 1981. The Convenor of the Working Party 
was C. K. Bomford and other members were Miss L. M. Craig, F. A. Hanna, G. S. Innes, 
S. C. Lillicrap and the late R. L. Morgan, with G. R. Higson as DHSS Observer. 


Of practical interest to all involved with developments in radiotherapy. 


ISSN 0306-2120 Price £3.50 
Orders to : 


Publications Department, The British Institute of Radiology, 
36 Portland Place, London W1N 3DG 
Tel: 01-580 4189 or through your bookseller. 
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Better contrast media through research 
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D Radiolog field 
F.R.C.R. Preparation Course 1982 


A three day Course orga nised jointly by the 
Departments of Radiology of Leeds and Sheffield 


BAILLIERE 
! A. P A44 A | and specifically designed to prepare candidates 
4 | | for Part il F.R.C.R. examination will be held at 
DA | Jl d | Sheffield, February 25, 26 and 27, 1982. 


OPES |  Asubsequent complementary three day Course 
| will be held in Leeds on September 7, 8 and 9, 
A GUIDE TO RADIOLOGICAL | 1982. Separate registration necessary. Each 









PROCEDURES | course will consist of review lectures, M.C.Q. and 
TENA | written questions, tutorials and viva voce 
E Stephen Chapman MB BS MRCP Department | | examinations. —— 
|. of Radiodiagnosis, Bristol Royal Infirmary; | | Course fee for Sheffield program-—£75.00 - 













id = "Tutor in Radiodiagnosis, University of = including luncheons. Residential accommodation T P 
H Bristol. | available at an additional fee of £55.00. 9 | 
5 5 | Application forms and further details from : n vi 2. dos 


1 and. Ped | Post-graduate Medical Education Section, | 


Richard Nakielny MA BM BCh Department of iibi uu US Ast E 
Radiodiagnosis, Bristol Royal Infirmary; Old Fulwood Road, 
. Tutor in Radiodiagnosis, University of Bristol Sheffield $10 3TH | 
e | Places strictly limited to 32 registrants fot a 
-with contributions by course. Early application essential. 
W.D. Jeans FRCR Consultant Radiologist, Co-ordinators—Dr. R. G. Grainger, Royal 
Bristol Health District; Senior Lecturer in n i Hospital, Sheffield 
Radiodiagnosis, University of Bristol. — Dr. W. P. Butt, St, James's 


Foreword by Hospital, Leeds LS9 7TF 


J.H. Middlemiss CMG MD FRCP FRCS FRCR 


This book provides the basic information on 


|- radiological procedures required for Part 1 BOMBAY NM 


|. of the Fellowship of the Royal College of | | Applications are invited for the post of :- 
. Radiologists and similar examinations in CONSULTANT RADIOLOGIST 
. severaloverseas countries. The text is laid on a full-time basis for the ` 
| 9 out in a manner appropriate to the | Jaslok Hospital & Research Centre. 
ds | examination requirements and the SEHE INE: The post would be that of Senior Consultant (full time) 
style enables the reader to obtain the reporting directly to the Medical Director of the 
information rapidly. Useful notes are Hospital. 
included on some of the more sophisticated | Responsibility will befor 3 to 4 imaging systems 
HA AES | mA | covering Neuroradiology and Whole Body CT 
techniques that the trainee radiologist may | Scanning. 
"| encounter. i All Radiographers and non-technical staff in the 
| department will report directly to the successful 
| 


The book will also be of value to applicant. 
radiographers preparing for higher Three years experience of CT scanning and preferably 
examinations and for junior hospital doctors SO Aene of rotate technology Scanners is. 
FACES CE THOME sought 
faced with the ever-increasing complexity of 
radiological procedures. in addition, applications are invited for the position of 
| | | CT Scanner Specialist Radiologist 
1981 - 250 pages 8 tables - £6.50 | reporting to the Consultant Radiologist. Recent CT 
experience is essential. 


BAI LLIER E, TI N DALL | Applications in writing giving brief person al details, 


E 


35 Red Lion Square, London WCIR 4SG | qualifications and availability should be sent to :- 
Chanrai International Ltd. 
29/37 Norton Folgate, 

All details are subject to change without notice. London E. 1 


Tel No, (01) 377 8088 
Attention :- Mr. V. H. Mirchandani 














Coparvax is a freeze-dried 
preparation of Corynebacterium parvum. 
When injected into previously-aspirated 
pleural or peritoneal effusions, Coparvax 
has been shown to be extremely 
effective at preventing recurrence and 
easing the associated symptoms. 

In addition, Coparvax has 
a remarkably low incidence of side- 
effects, unlike many other treatments, 
some of which may require concomitant 
narcotic analgesia. 

For further information on 
this advance in the management 
of malignant effusions please contact 
our scientific Services Division at the 
address below. 





‘Corynebacterium parvum 


when the quality of life 
is the primary concern 





















PRESCRIBING INFORMATION fe ss 
Presentation Vidi containing 7mg (dry welig 
the inactiveied Corynebacterium parvum 
WPL strain CN 6134 with thiomersal m. 
dried form, Uses Alleviation ot maligner 


responded io lower doses, Administre 
dried Coparvax should be reconstitute: 
ot physiological saline for injection and dilu 
irdectión. 
suspension should be injected, within 24 hot 
reconstitution, into the pleural or perfoneal o 
via the paracentesis needle immedcdiat 
effusion has been aspirated. Injection: 
repeated. if necessary, at intervals of on 
weeks. Contra-indications During prec 
patients with known hypersensitivity 
Precautions The incidence and severity 
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within 10 days of thoracotomy and lung resection o 
probabiy due to enhanced systemic absorption ot = 
Coparvax, Coparvax should not be given during 


the immediate post-operative period. Following: =) 
infrapleural or intra-abdominal administeónz s 
leakage of Coparvax into subcutaneous tissues 06 
may result in local tendemoess. Intense brings os 
reaction in the pleural and peritoneoa cavities has = 
been observed following local adiministtauon ot cs 
Coparvax. intestinal obstruction due te the formas: 
tion of adhesions is a theoretical possibility. ate 
aithough ft has not been reported as ac complied 

tion oi Coparvax administration. Adverse effects 
Fever occurs in 10 to 40% of patients following niee 
intracavitary injection. Abdominal pain or mild o oos 
abdominai discomlort has been reported in some c 
20% of patients following intraperitoneci instillations - 
Nausea and vomiting may oceur in amninarty dE ios 
patients following intracavitary administration et 
Coparvax. Basic NHS Cost Single viai (18g Zag 
(PL3/009 7). iu 









Calmic Medical División — : 
Crewe, Cheshire | 


(Tel: 0270 58315) 
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Trust baritoptotell you 


Baritop contrast medium: high density and Baritop 100 ready-made suspension in ring- 
low viscosity to give smooth and even pull can for easy use.Baritop G powder 
coating of the Gl tract, time after time. for higher density. Baritop gas producing 
The special consistency of Baritop makes effervescent tablets complete with 

the most of your double-contrasttechnique. ^ defoaming agent. 


x 





excellent resolution every time 


Concept Pharmaceuticals Ltd., 
59-61 High Street, Rickmansworth, Herts. WD3 1EZ. Tel. Rickmansworth (09237) 79388. 





General Electric Company of U.S.A:" 
Keeping you ahead of changing technology. 











AII Nba Ara rernm fecerit MIA ASAT PASA tg marmo cm torum po 


From one source — General 
Electric of USA. — you can 
get both the MaxiCamera 
4007 nuclear camera system and 
a data processor with tomographic 
software for performing Emission 
Computed Tomography (ECAT) studies. 


imaging system 

with fully compatible 
digital fiuorography to 
meet growing diagnostic 
and therapeutic needs; 
in computed tomography. 
CT/T system technological 


Because they were designed for each other _ advances include Dynapak expanded 
— not acquired and put together from dynamic scanning, Arrange reformatting 
different suppliers — you get maximum _ capability and nominat 1.5 mm slice 
performance from both: providing, for thickness: in ultrasound, Datason system 
example, an added diagnostic dimension for with real time sector scanning optimizes 
visualising the liver, brain and heart. acoustic access for enhanced visualisation 


of anatomy. 
Advanced imaging technology. One more 
reason why General ElectricofU SA. isa 


Emphasis on advanced technology extends 
to other systems as well. In multi-axis 
vascular imaging, General Electric 


eae . | significant and rapidly 
: Ll solo i pde At the leading edge Bion. factor in B 
aE R of imaging technology. health care. 


Frankfurt M. Tei O6 11-7 80 73 69 9 wien. Tel; 24 14 81 * Brüssel Tel 660 2010 9 Kuüpenhiages Ter 2 H6 86 00 9 Modandi Tel: 763 1351 € 
reda, Tel 76 22 B4 15 € Lissabon, Tel: 26 73 85 € Madnid, Tei: 252 8300 9 Goteborg, Tet; 42 098 70 9 Zürich, Tei; 47 50 30 


International General Electric Company of New York Ltd., 
Jubilee House, Blyth Road, Hayes, Middlesex. Tel: 01-573 7766. 


GENERAL @@ ELECTRIC 


USA 
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d ," Baird Road, Kirkton Campus, Livingston EH54 7BX, Scotland 
| Telephone: 0506 411877. Cables: Sonar Livingston. Telex: 72591 DSONAR G. 
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Ximatron 5 
Treatment Planning Simulator 


The Ximatron 5 is the most 
accurate and versatile 
treatment planning 

unit in the world, 

and the product 

of over fifteen years 

of simulator development 
and manufacture. 













Forever mindful of the 
future, T.E.M. have 
incorporated the Ximascan 
into the Ximatron 5. 
This facility allows a digital 
tomographic scan of the patient 
to be taken. 


Variable speed controls facilitating 
quick and easy setting and 
planning procedures, providing digital 
readouts.with a B.C.D. output. 


a eee 


The Ximascan may be interfaced 
directly to the T.E.M. treatment planning 1 
computer system. E 


bird 









For further details: 


TEM Instruments Limited 


Gatwick Road, Crawley, Sussex, RH10 2RG. England Tel 0293 31244 
Telex: 87397, Grams: TESTMENT CRAWLEY 





PANGIOMAX 


CEREBRAL AND ABDOMINAL ANGIOGRAPHY SYSTEM 


\s a i The Shimadzu Pangiomax Is a dedicated 
sf d — cerebral and abdominal angiographic sys- 

‘ tem that permits stereoscopic magnifica- 
tion radiography in routine diagnosis. It is 
generally accepted that magnification radio- 
graphy and stereogra- 
— phy effectively 
increase the 

diagnostic re- 


| E liability of cerebral angio- 


N a ES graphy. The Pangiomax permits stereo- 
D mdi scopic magnification. images of the 





















cerebral and abdominal vessels to be 
obtained by effectively combining a 
stereoscopic magnification radiogra- 
phy device, large capacity fine-focus x- 
ray tubes, cut film changers, etc. 





INTERNATIONAL MARKETING DIV. 


Shinjuku-Mitsui Building. 1-1, Nishishinjuku 2-chome, Shinjuku-ku, Tokyo 160, Japan 


i Phone: Tokyo 03-346-5641 Overseas Telex: No. 0232-3291 SHMDT J 
IH SHIMADZU (Europa) GmbH 


RDORAT N KYOT D 4000 Dusseldorf 1, Johannes Weyer Str. 1 F.R. Germany 
co © " ore Phone: (0211) 314061 Telex: 08586839 SHIM D 


MEDICAL X-RAY SUPPLIES LTD. 
Cottrell House 53-63 Wembly Hill Road, Wembly, HA9 7PR 
Phone: 01-902-6098 ENGLAND 





























University of London 
British Postgraduate Medical Federation 
CARDIOTHORACIC INSTITUTE 
at Brompton Hospital 
COURSE IN PULMONARY RADIOLOGY 
17th-19th February 1982 


This course is designed particularly for Senior Registrars 
in radiology studying for the final F.R.C.R. examination. 
Topics will include 


Techniques 

Infection and Trauma 
Pulmonary Infiltration 
Neoplastic Disease 


CAT Scanning 
Paediatric Radiology 
Obstructive Airways Disease 


Programme includes lectures and tutorials 


Fee: £95 including hospitality 


Application forms available from Dean's Office, 
Cardiothoracic Institute, Fulham Road, London SW3 6HP. 
(Tel: 01-352 8121 Ext 4187) 





UNIVERSITY OF NIGERIA, NSUKKA 


STAFF VACANCIES 


Applications are invited from suitably qualified candidates for the following staff vacancies :- 


A. ACADEMIC STAFF 
1, DEPARTMENT OF RADIATION MEDICINE 
Advert. Ref.: UNP/SSR.S/RAD/ACAD/881 
Posts : (a) Senior Lecturer! (b) Lecturer! (Radiodiagnosis) 


Qualifications & Experience 


F 1. Senior Lecturer Grade |: Specialist degree registrable by the 


Nigerian Medical Council (by DMRD FFR) plus at least seven 
yeats post-qualification relevant teaching or research experience 
and reasonable number of scholarly publications. 

2. Lecturer 1: As for Senior Lecturer Grade | but in relevant field and 
with at least three years relevant post-qualification experience. 


B. FOR NON-ACADEMIC VACANCIES 

DEPARTMENT OF RADIATION MEDICINE 

Advert. Ref. : UNP/SSR.9/RAD/981 

Post : Chief Principal Radiographer 

Duties will include Radiography, Ultrasonography and field work. 
Qualifications & Experience: A recognised certificate in Radiation 
Protection and a Diploma of the College of Radiographers (London) 
plus at least 8 years post-qualification experience for Chief Radi- 
agrapher or 6 years for Principal Radiographer. 


SALARY 

Senior Lecturer! GL.14: N9,168 —N10,128 p.a. 
. Chief Radiographer GL.13: N8,064 — N9,024 p.a. 

Lecturer! 


Principal Radiographer | GL.12:N7,404- N8,052 p.a. 


Point of entry will depend on qualification and experience. A clinical 
supplementation of N3,000 p.a. is payable to medicallv qualified 
successful candidates. 


CONDITIONS OF SERVICE: 

For Nigerians, and non-Nigerians on contract, fare paid for 
appointee, wife and up to five children aged eleven years or under 
on appointment. Annual leave with leave allowance for Nigerian 
staff and three months vacation leave for every completed 21 
months for non- Nigerian staff. Free medical service, part-furnished 
accommodation at standard rates, if available, or rent allowance 
paid in lieu. Appointment of expatriates is on CONTRACT for a 
specific period with a contract addition of 10 or 15 per cent of 
salary every month (whichever is applicable) and 15 per cent of 
terminal annual salary at the expiration of contract as gratuity 
for every year of service. 

METHOD OF APPLICATION: 

Send five copies of typewritten application and signed curriculum 
vitae stating nationality, age, marital status, details of educational 
and professional qualifications with specific dates, and addresses of 


three referees competent to attest to applicant's professional/ 


academic ability to ACTING PERSONNEL OFFICER, UNIVERSITY 
OF NIGERIA, NSUKKA NIGERIA, and ONE COPY to the Principal 
Assistant Secretary (Recruitment), Nigerian Universities Office, 
180 Tottenham Court Road, London W1P SLE. Applicant should 
attach a photocopy of each relevant certificate claimed and inform 
his nominated referees of the post applied for and to forward sealed 
typewritten confidential reports on his behalf direct to the ACTING 
PERSONNEL OFFICER at the above address. Applications which 
do not comply strictly with the requirements of this advertisement 
wil! not be processed. 

Candidates who had applied to us forthe re- advertised vacancies 
need notto re-apply. | 

Staff in the Nigerian Public Service should channel their appli- 
cations through their Heads of Department, 


CLOSING DATE: 21 Days from the date of this publication. 
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HENDERSON = 


COLONIC LAVAGE UNIT 


The. Henderson Colonic 
Lavage provides a simple, 
effective and safe apparatus 
for washing out the large 
intestine and the terminal 
ileum of the small bowel. 


The Henderson Colonic 
Lavage is indicated for patient 
preparation prior to surgery 
or radiography. 

An important feature of this 
machine is, that as fluid is 
withdrawn from the patient, 
air is admitted to maintain the 
full lumen of the bowel, 
permitting complete fluid 
evacuation and assisting 
further faecal removal. 





Macarthys Surgical Ltd 


DAGENHAM BIRMINGHAM GLASGOW LIVERPOOL MANCHESTER 

Selinas Lane Unit 25/28 301-3 Gientanar Road 201-3 London Road Precinct Centre 

Dagenham, Essex RM8 10D Edgebaston Shopping Centre Balmore Industrial Estate Liverpool L3 8JS Oxford Road 

Tel.: 01-593 7511 Hagley Road Glasgow G22 7UG Tel.: 051-207-1348 Manchester M13 9GS 
Birmingham B16 8SH Tel.: 041-336-8782 Tel.: 061-273-6754/5 


Tel.: 021-454 6713 














A Global Assessment of 

Crohn's Disease 

Edited by Emanoel C.G. Lee 
Consultant Gastroenterological Surgeon 
John Radcliffe Hospital, Oxford, UK 


An authoritative guide to the present 


^| status of Crohn's disease worldwide 


§ based upon the programme of the Cape 
E Town Workshop. It presents an assess- 
: ment of the modern endoscopic and 
. radiological diagnostic techniques em- 
-© ployed. Problems of diagnosis, the 
. current mode of clinical presentation, 
and the changes that have taken place 
since the disease was first described are 


g all reviewed. 


- ISBNO 85602 0850 196pp 5lillus. 41 tables 
Casebound £16.50 Publication Oct. '81. 


<. Sales and Distribution: 

(00 Qsanuanmmaemem: Heyden & Son Ltd., Spectrum 

E N House, Hillview Gardens, 
London NW4 21Q. 


ORDER FORM 

: Please complete the details below and return to 
Heyden & Son at the address given below: 

Please send to me: 


sss s. COPY/copies of CROHN'S WORKSHOP 
ISBN 0 85602 085 0 £16.50 


[7] A fully detailed prospectus 
[.] The latest catalogue of HM+M Publications 
[C] | enclose payment of ..... . / please bill me 


CREDIT CARDS 


For orders placed with Heyden' s UK office we accept: 
Access/Barclaycard/American Express/Diners Club 


[.] Please charge to my Credit Card account 

Card ND. cuo yo Updates a ok EE Novus e 
Card Type... ous vs Exp, Date soo: 
Name uve T ud ede Kato e ; 
|X— Organisation. ......... lle. l 
- Address. .. . TIE | 


* + * * + * *» + * - > a t t " = € k ^ © k y k * k y * * 


g l : Signature, * 0 9 2 è?» 0039 € — 0 x.» € $5 Date. * >» x 
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Didronel Prescribing information | 
Presentation: White rectangular tablets containing etidronate 


disodium 200mg. 

Indications: The treatment of Paget's disease of bone (osteitis 
deformans). 

Effectiveness has been demonstrated primarily in patients with 
polyostotic Paget's disease with symptoms of pain and with 
clinically significant elevations of urinary hydroxyproline and 
serum alkaline phosphatase. 

Dosage and administration: 5mg/Kkgiday to Z0mg/Kkg/day as 
detailed below 

a) Adults: Usually 5mg/kg body weight/day, not to exceed 

a period of six months. Doses above tümg/kg should be 
reserved for use when there is an overriding requirement for 
suppression of increased bone turnover associated with Paget's 
disease or when the patient requires more prompt reduction of 
elevated cardiac output. Doses in excess of 20mg/kg/day are 
nat recommended. 

Retreatment should be undertaken only after a drug- free period 
of atleast three months and after it is evident that reactivation of 
the disease has occurred. in no case should duration of 
retreatment exceed the maximum duration of the initial 
treatment. Premature retreatment should be avoided. 

bi Children: Juvenile Paget's disease, has been reported rarely. 
The relationship to adult Paget's disease has not been 
established. 

C) Directions fer use: Didronel should be administered as 

a single, oral dase, two hours before meals. it may be given with 
fruit juice or water Eating should be avoided for two hours 
before and after drug administration to avoid reduced 
absorption. 

Contraindications, Warnings, etc. 

Contraindications: None demonstrated to date. 

Precautions: 

1. General 

Extended periods of medication should be approached 
cautiously. When administered at doses of 20mg/kg/day, 
Didronel suppresses bone turnover and essentially stops 
mineralisation of new bone in Pagetic lesions and, to a lesser 
extent, in the uninvolved skeleton. Mineralisatian of Pagetic 
lesions has been demonstrated to occur normally after 
discontinuation of the drug. 

Patients with restricted vitamin D and calcium intake may be 
particularly sensitive to drugs that affect calcium homeostasis 
and should be closely followed while under treatment with 
Didronel. 

Didronel is not metabolised but excreted intact via the kidney; 
therefore, treatment of patients with impaired renal function, 
should be approached very cautiously if at all. 

Contraindicated in enterocolitis and for theoretical reasons in 
pregnant women and nursing mothers. 

Warnings: 

The physician should adhereto the recommended dose 
regimen. The response to therapy may be of slow onset and may 
continue even for months after treatment when the drug has 
been discontinued. Dosage should not be increased — — 
prematurely nor should treatment be resumed before there is 
clear evidence of reactivation of the disease process. . 
Retreatment should not be initiated until the patient has had at 
least a three-month drug-free interval, 

There has been no evidence ofincreased risk of fractures at the 
recommended dose of 5mqg/kg/day far six months. The risk of 
fracture may be increased when Didronel is taken at a dose level 
of 20mg/kg/day in excess of three months. This risk may be 
greater in certain patients. It is recommended that the drug be 
discontinued when fractures occur and that therapy not be 
reinstated until fracture healing is complete. 

Pagetic lesions should be evaluated carefully to differentiate 
these from osteogenic sarcoma. 

Side-effects: At doses greater than 5mg/kg/day, diarrhoea, 
loose bowel movement or nausea may occur, 

Pharmaceutical precautions: Normal pharmaceutical storage 
and handling are indicated. 

Legal category: POM. 

Package quantities: 60 x 200mg tablets (Price £29.88). 
Further information: Nil. 

Product Licence Number: 0166/0101. 
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West Byfleet, Weybridge, Surrey, KT14. GRA. Telephone: Byfleet 45536442291 


8 A Product of 
Procter & Gamble Research 
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Symptomatic 
of patients. 

x Retards the disease in the 
majority of patients. 





Less expensi 
specific therapies. 
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Grocades House, Pyrford Road, West Byfleet. Weybridge. 
Surrey KT14 GRA. Telephone Byfleet 45536/42291 





XIV 
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It is a great many years since our first appearance, in alternate 
months, in this privileged position in the ‘Journal’. Thinking about 
this led us to browse through our back files to some of our earliest 
regular appearances in print, with 'Cuthbert Andrews' advertise- 
ments: 

1914 'Archives of the Roentgen Ray' 
1915 ‘Journal of the Röntgen Society’ 
1916 ‘Archives of Radiology and Electrotherapy’ 
1923 ‘Journal of Scientific Instruments’ 
(Issue No.1) 
1924 ‘British Journal of Radiology’ (the successor 
to ‘Journal of the Rontgen Society’) 


with brief excursions into: 


1918 ‘Recalled to Life’ (Issue No.3) 
1919 BEAMA Journal 

1920 British Medical Journal 

1920 ‘Nature’ 


While our founder, Mr. Cuthbert Andrews, was very active in 
the developing science (as 'C. H. F. Muller’ from 1910 to 1914 and 
‘Cuthbert Andrews’ thereafter) the doyen of the present staff can 
only claim personal experience from 1929 onwards. However, 
this substantial span does give us the edge over many others 
where X-ray accessories are concerned and allows us still to say... 
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... and people keep on doing it — all over the world! 


CUTHBERT ANDREWS 
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5 HIGH STREET, BUSHEY VILLAGE, WATFORD WD2 1BE 
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ABSTRACT 

Annular or ring calcification is described in conjunction 
with fibrous dysplasia in four of 110 patients culled from the 
Bristol Bone ‘Tumour Registry. This feature results from 
endochondral calcification and ossification within cartilage 
rests or chondromata developing pari passu with fibrous 
dysplasia. Statistically the condition is more likely to be 
present in the polyostotic form of fibrous dysplasia (E795) 
than in the monostotic form (circa 1%). 

All patients were male and the diagnosis of fibrous dys- 
plasia was established between the time of birth and the age 
of 16. Ring calcification was first detected between the ages 
of three and 16 years and persisted into adult life. Calcifi- 
cation almost exclusively involved the lower limbs particu- 
larly around the knee and above the ankle. In the three 
polyostotic cases rapid and gross extension of the cartila- 
ginous component of the disease occurred at the time of the 
adolescent growth spurt. 

When present in a patient with fibrous dysplasia the ap- 
pearances are typical and signify an associated benign en- 
chondromatous process. No suspicion of chondrosarcoma 
should arise. 


Islands of cartilage have been reported in about 10%, 
of cases of fibrous dysplasia of bone, particularly of 
the polyostotic form (Harris et al., 1962; Stewart et 
al., 1962; Van Horn et al., 1963) but its precise 
nature and significance have remained unclear. 
Various explanations have been offered for its 
presence, including callus formation following trauma 
(Harris et al, 1962), metaplasia (Dahlin, 1967), 
dyschondroplasia or as a further manifestation of a 
connective tissue dysplasia (Stewart ef al., 1962; 
Van Horn et al., 1963; Pelzmann et al., 1980). 

Classical radiological descriptions of fibrous dys- 
plasia (Gibson and Middlemiss, 1970; Murray and 
Jacobson, 1977) have not emphasized the presence 
or significance of radiological calcification in fibrous 
dysplasia of bone, although one gross example has 
been reported (Pelzmann et al., 1980). 

The radiographic and pathological material of all 
patients with fibrous dysplasia of bone, classified by 


the Bristol Bone Tumour Registry, has been re- 
viewed in order to elucidate the radiological and 
pathological features of this phenomenon. 


MATERIAL 

In the Bristol Bone Tumour Registry there were 
110 cases of fibrous dysplasia, 18 polyostotic, 92 
monostotic, and in all clinical radiographs and 
histological material were available for review. In 
one case, with very extensive cartilaginous involve- 
ment, an amputation specimen had been subjected 
to detailed examination. 


RESULTS 

Radiology 

Four patients with cartilage formation were identi- 
fied (3.6%), three with polyostotic fibrous dysplasia, 
one monostotic. In all there were extensive radio- 
lucent zones associated with typical fibrous dys- 
plasia. Within the radiolucent zones there was ex- 
tensive annular or ring-like calcification (Fig. 1c). In 
some cases the lesions were confluent and in others 
more granular in appearance (Fig. 2a, B). All patients 
were male, the diagnosis of fibrous dysplasia being 
established at birth in one and by the age of 16 in the 
other three. Calcification was identified between the 
ages of three and 16. In all but one patient the calcifi- 
cation was confined to the lower limbs involving 
primarily the metaphysis and to a lesser extent the 
epiphysis and diaphysis. 'The principal clinical and 
radiological features are summarized below. 


Case 1 

A male infant presented at birth with gross skeletal de- 
formity due to typical fibrous dysplasia involving the whole 
of the right side of the skeleton. During early childhood 
progressive femoral and tibial bowing required numerous 
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l. H 


(4) Case 1 aged five years. The distal femoral diaphysis reveals only a slight alteration in trabecular pattern 


(n) Case 1 aged 124 vears. There are now gross changes of fibrous dysplasia. In addition there are radiolucent zones contain- 
ing well marked annular or ring calcification. Both major epiphyses are involved, 


osteotomies, He also sustained many fractures ol the É mur, 
tibia and humerus. However, severe bowing of the tibia 
recurred and eventually led to chron offensive ulceration 
of the overlying skin and he had to be confined to a wheel- 
chair. Between the ages of 13 and 14 there had been pro- 
gressive enlargement of the distal femur and both ends of 
the tibia resulting in further disability. At age 17 a trans- 
femoral amputation was performed for functional and 
aesthetic reasons. 

Radiologically calcification had not been present at birth 
but became visualized in the right hip and distal femur at 


age five, and in the distal tibia at ape seven (l tu 3A—C) 
Lesions around the knee had become substantial by the age 
ot 13 and gross by 17 (1 iv lA €! 


C ast 

A two-vear-old male presented with fibrous dysplasia in- 
volving both femora, tibae, fibulae and the right hemi- 
pelvis, Since early childhood he had suffered numerous 
fractures, developing bilateral coxa vara and tibial bowing, in 
the management of which he underwent numerous oste- 
otomies with the insertion of intramedullary nails. Since the 
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Fic. | 


(C) Case | aged 16} years. Gross extension of the cartila- 
ginous components has occurred. 


Fic, 2. 
(A) Case 3 at presentation aged 16 years. There is a sub- 
trochanteric pathological fracture through a radiolucent 
lesion, consistent with monostotic fibrous dysplasia. Within 
the translucency there is rather amorphous granular calcifi- 
cation. 


(B) Case 3 after internal fixation. A localized view shows the 
annular component of the calcification. H 
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(AJ (ase ] aged two years. 


(B) Case 1 aged 7} years. There are now well marginated translucent zones 





The whole tibia exhibits 
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3, R 
twp al features of hbrous dy splasia. 


within the fibrous dysplasia. Possible annular 


calcification ts present 


age of eight he had been on crutches. The patient was last 
seen at the age of 18 when an intramedullary nail was re- 
moved from the right tibia after it had perforated the skin. 
Radiographic calcification became visible first in the left 
distal femur at the age of three and progressed proximally 
during the following vear. Calcification became marked by 
age seven and progressed considerably to the age of 18. 
Calcification was present in the right femur at the age of fout 
extending proximally and distally, becoming gross between 


the ages of seven and 18. Calcification also developed in the 


left tibia which had been normal until the age of four and 
similarly became gross between the ages of eight and 158. 
Minor calcification was present in several metatarsals and in 
the right thumb metacarpal. 


Case 3 

A male aged loa 
and sustained a pathological fractur« 
Radiological] typical 
fibrous dysplasia within which there was granular and ring 
calcihcatron 24) 


t presentation fell whilst plaving football 
of the left femur 
features of monostoti 


there were 


Fig Internal fixation was ac hi ved with a 
Jewitt nail piate. Union was delaved but was eventually 
sound (F gy. 2B), 


(ase J 

A male aged nine presented with skeletal deformity due 
to polyostotic fibrous dysplasia mainly involving the pelvis 
Calcification in the femur was not present 


at initial examination (Fig. 44) but was identified at the age 


and right femur 


1030 


DECEMBER 198] 


Enchondromata with annular calcification in association with fibrous dysplasia 





C 
Fic. 3. 
(C) Case 1 aged 134 years. There is now gross eccentric ex- 
pansion of the distal tibia with obvious annular and granular 
calcification. 


of ten. Lesions became gross between the ages of 11 and 22 
(Fig. 4B). The features were unchanged when last examined 
at the age of 32. 
Pathology 

Review of the pathological material from 110 
patients revealed cartilaginous foci in eight cases 
(7%). In five (4.5?,) the cartilage formed part of a 
fracture callus relating to an identifiable fracture 


Fic. 4. 

(4) Case 4 aged nine years. There is fibrous dysplasia of the 
proximal femur. 

(B) Case 4 aged 32 years. There is acquired coxa vara with 
well marked annular and amorphous calcification in the 
intertrochanteric region. 
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Case 1 amputation (A) slab radiograph, (B) gross specimen. 

The tibia reveals the "ground glass" changes of fibrous 

dysplasia (grey uniform areas). The proximal tibia is re- 

placed by conglomerate cartilaginous masses with annular 

calcification around individual nodules. Scattered cartilagi- 
nous lesions are present in the diaphysis. 





Fic. 6, 


A rim of evolutionary ossification is shown surrounding a 

cartilaginous nodule. There are columns of necrotic calcified 

cartilage embedded in fibro-cellular tissue (haematoxylin 
and eosin x 50). 


line and/or associated with reactive new bone form- 
ation in the cortex or sub-periosteal tissues. In no 
case had calcification under these circumstances been 
radiographically detected. In the remaining three 
patients, Cases 1, 2 and 3 above, there was extensive 
cartilage formation similar to that found in enchon- 
dromata or cartilage rests. In Case 4 material was 
available for review confirming the diagnosis of 
fibrous dysplasia but its site of origin was not from a 
cartilage-containing area. In three cases, therefore, 
where cartilaginous material could be studied, in- 
cluding the amputation specimen from Case 1, the 
chondromatous masses were intimately related to 
typical fibrous dysplasia of bone. 

The histopathological findings were similar in all 
cases, and are best exemplified in the amputation 
specimen. Macroscopically very extensive fibrous 
dysplasia was found in all bones including the tarsus, 
metatarsus and phalanges. Islands of cartilage were 
present in all long bones and in some foot bones 
mainly in the metaphyses and epiphyses. The distal 
femur was grossly expanded and massively replaced 
by conglomerate cartilage masses. Chondromatous 
masses of only somewhat lesser proportions were 
found in the distal and proximal tibia (Fig. 5) and in 
the distal fibula. 

Histologically, the fibro-osseous lesions showed 
a fibro- 
cellular proliferate, rich in alkaline phosphatase, 
with irregular ossicles of fibre bone. The chondro- 
matous lesions showed relatively cellular, but never- 


the typical features of fibrous dysplasia 


theless benign, cartilage of the type expected in 
skeletal enchondromatosis. The constituent carti- 
laginous nodules were rimmed by narrow zones of 
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endochondral ossification, with calcified and partly 
ossified cartilage columns embedded in dysplastic 
fibro-osseous tissue (Fig. 6). Less often, when the 
cartilage abutted onto normal medullary tissue, there 
was a thin rim of mature lamellar bone. 


DISCUSSION 

Fibrous dysplasia is a developmental anomaly of 
ossification in which the osteoblasts fail to undergo 
normal morphological differentiation and matur- 
ation. ‘They deviate partially along fibroblastic lines, 
undergoing fibrous metaplasia, but remain rich in 
alkaline phosphatase (Changus, 1957) and retain 
their osteogenic potential to some degree with pro- 
duction of fibre bone. Coexisting enchondromata or 
cartilage rests would be expected only in bones de- 
veloping through endochondral ossification, as in 
the present series, the cartilaginous masses being an 
expression of enchondromatosis in association with 
fibrous dysplasia. None of the enchondromatous 
lesions was associated with reparative callus to in- 
dicate a traumatic aetiology and there were no 
features to suggest that the cartilaginous nodules 
arose through any chondroid metaplasia of dys- 
plastic fibro-cellular tissue. The cartilaginous islands 
arise as developmental “rests” from epiphyseal car- 
tilage and develop part passu with the fibrous dys- 
plasia. Lesions high in the diaphysis indubitably 
arose earlier in life and remained in situ as longi- 
tudinal growth progressed. 

A similar association of "popcorn" calcification 
with cartilaginous nodules has been reported recent- 
ly in patients with osteogenesis imperfecta (Gold- 
man et al., 1980). In that condition the lesions were 
predominantly metaphyseal and in the lower limbs 
but although they advanced, as in the present series, 
at the time of maximal skeletal growth they became 
radiologically no longer discernible at skeletal 
maturation, unlike those in fibrous dysplasia. 

Radiologically all the lesions were similar. The 
well-marked annular or ring configuration seems 
characteristic. The rapid progression and extension 
of the cartilaginous lesions during the adolescent 
growth spurt may raise the erroneous suspicion of 
chondrosarcoma. Malignancy is a rare complication 
of fibrous dysplasia, with an overall incidence of 
about 0.4% (Schwartz and Alpert, 1964) and in the 
majority of cases this is an osteosarcoma or fibro- 
sarcoma (Jaffe, 1958; Huvos et al., 1972; Feintuch, 
1973). From the published data it is not possible to 
speculate whether or not the few chondrosarcomas 
that complicated fibrous dysplasia were all related 
to pre-existing cartilaginous nodules. However, in 


two cases the relationship is unequivocal (Huvos ef 
al., 1972; Feintuch, 1973). In both cases published 
illustrations reveal an obvious area of purely osteo- 
lytic destruction arising in conjunction with an 
organized area of annular calcification suggesting 
malignant change in an antecedent benign cartilagin- 
ous lesion, In other cases a low grade chondrosarcoma 
may have been erroneously diagnosed (Pelzmann et 
al., 1980). Provided the organized area of the ring 
calcification is uninterrupted or uncomplicated by an 
additional purely lytic, ill-defined zone, the possibility 
of chondrosarcoma can be discounted. The prognostic 
significance of the radiographic detection of calcifi- 
cation in fibrous dysplasia lies not, therefore, in the 
suggestion of potential malignancy but rather in the 
likelihood of subsequent further disfiguration, diffi- 
culties in orthopaedic management and cutaneous 
ulceration, particularly at the time of adolescent 
growth spurt. 
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ABSTRAC' 

The X-ray features of 66 lacrimal gland tumours, com- 
prising 32 benign pleomorphic adenomas, 24 carcinomas 
and ten lymphomas, are reviewed. The role of radiology in 
the management of these patients is discussed. 

Although lacrimal gland tumours present no unique 
radiological appearances, the diagnosis and pathological tvpe 
may be suggested by a combination of conventional radi- 
ography and CT scan. It is important to distinguish the 
pleomorphic adenoma clinically and radiologically from 
other lesions of the lacrimal gland, since this tumour must 
be excised in toto. Incisional biopsy or partial removal may 
result in a disastrous recurrence with seeding into bone and 
soft tissue. X-ray signs of malignancy in lacrimal gland 
tumours include invasion and sclerosis of the adjacent bone 
of the lacrimal fossa, calcification in the tumour and exten- 
sion outside the lacrimal gland area shown on CT scan. The 
pre-operative diagnosis of malignancy was improved from 
42%, to 73% by CT. 

Indentation or enlargement of the lacrimal fossa was seen 

in 80% of benign pleomorphic adenomas. Although non- 
specific, this sign in a patient with a painless lacrimal gland 
swelling of over 12 months’ duration, without radiological 
evidence of malignancy, is strongly indicative of a benign 
tumour. 
Since the report of Jones and Pfeiffer (1954), it has 
been recognized that lacrimal gland tumours may 
give rise to X-ray changes in the adjacent lacrimal 
fossa. These authors described bone changes in 18 
of 20 patients with lacrimal gland tumours, recording 
bone erosion, invasion and sclerosis. Newton (1962), 
reviewed the X-ray features in 12 examples of 
epithelial lacrimal gland tumours including both 
benign mixed and malignant epithelial growths, 
More recently, Wright et al. (1979), in a compre- 
hensive review of the management of 40 patients 
treated for lacrimal gland neoplasia, have emphasized 
the importance of radiology in the assessment of 
these patients and base their surgical approach on a 
combination of clinical and radiological findings. The 
introduction of CT for orbital diagnosis now allows 
the soft tissue mass of the lacrimal gland tumour to 
be shown in addition to bone changes. The purpose 
of this paper is to re-examine the role of radiology in 
the investigation of these patients and to assess the 
diagnostic criteria demonstrable both by CT and 
conventional X-ray techniques. 


CASE MATERIAL 
Fifty-six patients with histologically proven 
epithelial tumours of the lacrimal gland have been 
investigated in the period 1967-1980. The age range 


was 14 to 77 years. Thirty-two patients were shown 
histologically to have a benign mixed tumour of the 
lacrimal gland. There were 22 carcinomas; these 
comprized 11 adenoid cystic carcinomas, six adeno- 
carcinomas, five undifferentiated carcinomas and two 





hic, | 


‘Types of bony indentation seen in lacrimal gland tumours. 
Enlargement may be upward orsuperolateral (A) or lateral (n). 
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FIG; 2. 


Extensive erosion of the frontal bone due to an adeno- 


carcinoma of the lacrimal gland. 


malignant epithelial tumours of ductal origin. In two 
further patients there was malignant change in a 
benign mixed tumour. In addition, during the same 
period, ten patients were shown to have a lymphoma 
of the lacrimal gland. In all a total of 66 patients 
were examined with histological proof of the type of 
tumour present. 


RADIOLOGICAL FINDINGS 

Indentation and enlargement of the lacrimal fossa 

This is the result of a slowly expanding mass 
exerting pressure on the adjacent bone of the 
lacrimal fossa without direct invasion. There are two 
types of change discernible on plain X-ray: an over- 
all enlargement of the lacrimal fossa with thinning 
and sometimes slight decalcification of the bone: or a 
more clear-cut indentation with a well-defined 
margin (Fig. 1A, B). Both changes are most often due 
to a benign pleomorphic tumour of the lacrimal 
gland, but the sign is non-specific since it was seen in 
12 (50%) of the malignant tumours, and in four of 
these it was present in isolation without other 
changes indicative of malignancy. In the series as a 
whole, when present as an isolated phenomenon, 
pressure enlargement of the lacrimal fossa occurred 
in a benign/malignant ratio of 26:4. Coupled with a 
history of painless enlargement of the lacrimal gland 
of over 12 months' duration, it is strongly indicative 
of a benign mixed tumour (Wright et a/., 1979). 


Bone destruction 
This carcinoma of the 
lacrimal gland extends to invade the adjacent bone 


occurs either when a 





FIG. 3. 


Early bone erosion shown on high resolution axial CT scan 
(arrows). 


(Fig. 2), or when a mixed lacrimal gland tumour 
seeds into the frontal bone following incomplete 
surgical excision. In this series, direct bone in- 
vasion as opposed to pressure changes was alwavs 
associated with malignancy. Early bone invasion may 
be shown on plain X-ray when fairly extensive, but 
is better demonstrated at an early stage either by 
hypocycloidal tomography or by high resolution CT 
( Fig. 3). 


Increased density of the adjacent bone 

Sclerosis in the adjacent bone of the lacrimal fossa 
was described by Newton (1962), and was considered 
to indicate a malignant tumour with a reactive type 
of bone invasion. In this series, two patients showed 
this change and both had malignant lacrimal gland 
tumours. In both instances the change was best 
shown on axial hypocycloidal tomography (Fig. 4). 


Calcification 

This was demonstrated in four patients by plain 
X-ray or by conventional tomography, and in three 
additional patients by CT, making a total of seven of 
the 56 epithelial tumours. Thus, using all techniques, 
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Carcinoma of the lacrimal gland. Bone sclerosis in the lateral 
wall of the orbit shown on axial hypocycloidal tomography 
(arrows). 





Large nodule of calcification in an adenoid-cystic carcinoma 
of the lacrimal gland. 








B 


ic. 5. 





Small nodule of calcification in an adenoid cystic carcinoma 
of the lacrimal gland shown on coronal (4) and axial (B) CT Diffuse calcification in a lacrimal gland carcinoma shown on 
scan, The calcification was not diagnosed on plain X-ray. plain X-ray. 


1036 


DECEMBER 198] 


Lacrimal gland tumours: the role of CT and conventional radiology 


TABLE I 
24 LACRIMAL GLAND TUMOURS GRADED FOR RELATIVE SIZE AS 
SHOWN ON CT (12 BENIGN, 12 MALIGNANT) 





Shaded squares malignant. 
Blank squares benign, 





Fic. 8. 


Axial CT scan. Extraconal extension of a carcinoma of the 
lacrimal gland to the orbital apex (arrows). 


12.7% of patients showed calcification and in all 
patients the lacrimal gland tumour was shown 
histologically to be malignant. Calcification was 
either nodular, small (Fig. 5a, 5), large (Fig. 6) or 
diffuse (Fig. 7). 


CT scan 

From the series of 56 patients, 34 were examined 
by CT; 18 of these had benign mixed tumours and 
16 lacrimal gland carcinomas. Initially the patients 
were scanned using 160 160 matrix format, but 
later examinations have been carried out using an 
EMI CT 5005 Body Scanner incorporating a high 
resolution facility and routine two plane imaging 
(axial and coronal). CT scans in this series were 
reviewed in order to assess possible signs of malig- 
nancy, based upon the size, shape and extent of the 
lesion and the presence of calcification or bone 
destruction. 

Table I shows the size distribution of the first 24 
patients in the series who were examined by CT 
scan, the smallest to the left, the largest to the right. 


It will be seen that, as would be expected, the more 
extensive lesions were carcinomas; in fact the seven 
largest lesions in the series were all malignant. 
Nevertheless, there was a scatter of malignancies 
throughout the size range and there was no size 
below which it could be safely predicted that a given 
tumour would be benign. Irregularity of outline, and 
extension towards the orbital apex were also features 
of carcinomas (Fig. 8). However, in smaller carci- 
nomas, while the capsule of the lacrimal gland 
remains intact, there is no way that they may be 
distinguished from a benign mixed tumour by their 
shape on CT scan. 

Both pressure erosion and bone invasion may be 
demonstrated on CT scanning when a high- 
resolution system is used with wide window-width 
settings. Figure 3 shows bone invasion by a carci- 
noma of the lacrimal gland which was not shown by 
conventional techniques. In addition calcification in 
the lacrimal gland was demonstrated by CT in three 
patients when not demonstrated by plain X-ray. In 
all patients showing calcification the tumour was 
malignant. 


DISCUSSION 

The correct management of lacrimal fossa lesions 
depends upon recognizing the characteristic clinical 
and radiological presentation of benign mixed cell 
tumours so that biopsy in these patients is avoided 
and the capsule of the tumour remains intact at surgi- 
cal excision (Wright eż al., 1979). If the capsule is 
breached or the tumour biopsied, tumour cells may 
seed into the surrounding tissues with disastrous 
consequences: the eventual outcome being similar to 
that of a carcinoma (Henk, 1981). 

For malignant lacrimal gland tumours, a tran- 
septal biopsy is required prior to treatment. In 
carcinomas, if there is no serious local spread or 
distant metastases, a radical resection may be 
attempted. Where there is inoperable local disease, 
treatment is by radiotherapy. It is therefore impor- 
tant to make some distinction between benign 
pleomorphic adenomas and malignant tumours of 
the lacrimal gland prior to surgical treatment. 
Clinically, the presence of pain is an important sign 
of possible malignancy, and the absence of pain, 
conversely, a strong indication of a benign lesion. 
Wright et al. (1979) based their clinical management 
of these patients on this sign coupled with length of 
history; a history of more than 12 months' duration 
usually indicates a benign lacrimal gland mass. The 
X-ray findings are clearly important to augment the 
clinical assessment of the patients. Signs of enlarge- 
ment or indentation of the lacrimal fossa seen on plain 
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X-ray are reassuring, in the absence of radiological 


evidence suggesting malignancy (e.g. evidence of 


bone destruction, sclerosis or calcification in the 
tumour). 

Neoplastic involvement of the lacrimal gland is not 
always due to epithelial tumours, but may be due to 
lymphoma. Ten patients were shown to have lym- 
phomatous involvement of the lacrimai gland 
histologically in the period when this series of epi- 
thelial tumours was collected. A point of clinical 
differentiation is the age incidence; the average age 
of the lymphomas was 62.9 years, with an age range 
of 47-82 years. Epithelial tumours occur in a lower 
age group. In this series 30°, of the malignant 
tumours and 22°, of the benign tumours occurred in 
the second and third decades of life, the average ages 
being 43.7 years and 44.9 years respectively. Positive 
signs on plain X-ray in lymphomatous tumours of 
the lacrimal gland are usually minimal. Five patients 
(5095) showed minor local enlargement of the 
lacrimal fossa; the rest were negative to plain X-ray. 
CT scan was performed in five patients. In three the 
changes were confined to simple enlargement of the 
lacrimal gland, while in two the tumour was more 
widespread, showing as an extraconal mass, in one 
case infiltrating the rectus muscle conc. 


CONCLUSIONS 

1. The surgical necessity to excise the benign 
pleomorphic adenoma of the lacrimal gland im toto 
without an incisional biopsy, so that the danger of 
external seeding of the tumour is avoided, means that 
an attempt must be made by the radiologist to 
recognize the benign tumour of the lacrimal gland as 
opposed to the malignant epithelial tumour or 
lymphoma. 


Book review 


Clinical Neuro-Ophthalnology. By B. Ashworth and I. 
Isherwood, 2nd edit, pp. 295, 1981 (Blackwell Scientific 
Publications), £32:50. 
ISBN 0-632-00593-9 

This book is a postgraduate text which presents those 
aspects of neurology important to the ophthalmologist. The 
second edition, now with an eminent co-author in Professor 
Isherwood, has been extensively revised. The book 1s 
intended primarily for the ophthalmologist, although offer- 
ing guidance in diagnosis and management to both the 
trainee neurologist and radiologist. The chapter on radiology 
has also been revised since the original 1973 edition, to take 
account of the major import of computerized tomography in 
diagnosis and management. The work also covers retinal 
photography and electrical methods of investigation as well 
as traditional methods. 


2. A combination of CT scanning and conventional 
X-ray techniques provided evidence of malignancy 
in 7394 of lacrimal gland carcinomas. Signs suggest- 
ing malignancy were: 

(a) invasion or sclerosis of adjacent bone; 

(b) calcification in the tumour; 

(c) the demonstration by CT of a large tumour mass 
spreading outside the lacrimal gland area or to the 
orbital apex. 

3. The pre-operative diagnosis of malignancy in 
epithelial tumours of the lacrimal gland was im- 
proved from 42%, to 73%, by CT. In addition to 
showing the size and extent of the tumour in the 
orbit, CT also demonstrated calcification in the 
tumour when not revealed by plain X-ray or con- 
ventional tomography and in one patient, using high 
resolution CT, bone erosion was shown when not 
convincingly demonstrated by conventional tom- 
ography. 

4. Eighty per cent of benign lacrimal tumours, 
and 5094 of carcinomas, showed radiological enlarge- 
ment or indentation of the lacrimal fossa. Although 
this sign is non-specific, when present in the absence 
of any positive radiological signs of malignancy in a 
patient complaining of a painless lacrimal gland 
swelling of over 12 months' duration, it strongly 
indicates a benign tumour. 
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The book achieves its purpose admirably and in the 
reviewer's opinion is the ideal source of information on 
clinical neuro-ophthalmology for the radiologist requiring 
knowledge of the subject. It is a concise but comprehensive 
text, beautifully illustrated and with an extensive bibliogra- 
phy, and should be an important item on the bookshelf of 
every department of neuro-radiology. A single criticism 
concerns the amount of radiology included. One chapter of 
60 pages in a book of 298 does not adequately reflect the 
importance of radiology, in an era when computerized 
tomography dominates the investigation in so many patients 
with neuro-ophthalmological disorders. An expansion of 
Professor Isherwood's excellent section would be welcome 
in future editions. 

G. ALS. LLOYD. 
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ABSTRACT 

Computed tomography (C'T) has been shown to detect 
both adrenal glands in 88,594 of upper abdominal examin- 
ations and can visualize at least one gland in 96.595 of 
patients. However, in examinations carried out specifically 
to visualize the adrenals, the glands were located in 9895 of 
cases. 

This technique was used in 18 patients with primary 
aldosteronism to localize aldosterone-secreting adrenal 
tumours and to distinguish these from non-adenomas 
(bilateral adrenal hyperplasia). The results were compared 
with quadric analysis, a statistical technique used to predict 
the likely surgical outcome. 

In seven patients the CT results were verified by oper- 
ation (six adenomas, one adrenal hypertrophy). However, in 
one further patient a large adenoma (20 mm in diameter) 
which had not been predicted by CT scanning was found at 
operation. 

In the remaining ten patients who have been medically 
treated, results concordant with quadric analysis were 
obtained in eight cases. 

We would suggest that CT scanning should be the initial 
investigation for the pre-operative localization of adenomas 
but further comparative studies are required. 


Primary aldosteronism is usually caused by an 
aldosterone-secreting adrenal adenoma (Conn’s 
syndrome); less commonly it may be the result of 
bilateral adrenal hyperplasia. It is important to 
differentiate these two causes because the treatment 
of choice is different; surgical excision for unilateral 
adenoma and long term therapy with potassium- 
sparing diuretics for bilateral hyperplasia (Ferriss 
et al., 1975). 

Pre-operative localization of adrenal tumours is of 
clinical importance because these tumours are often 
small and when centrally situated in the adrenal 
gland may be difficult or impossible to find at 
operation. The techniques used for this purpose 
include adrenal venography and adrenal vein plasma 
aldosterone measurements (Bucht et al., 1964; 
Starer, 1965), adrenal arteriography (Kahn, 1967) 
and radionuclide imaging (Conn et al., 1972), each 
with its limitations. We report our experience in the 
pre-operative localization of adrenal adenomas using 
the more recently introduced technique of computed 


tomography (CT). 


PATIENTS AND METHODS 

Patients 

Eighteen patients were studied, each with high 
blood pressure (mean 189/114--24/12 mmHg) and 
biochemical evidence of primary aldosteronism (low 
serum potassium 2.9 -0.5 mmol/l, low plasma active 
renin 7.2-1-5.5 «U/ml, and high plasma aldosterone 
29.5 4- 12.3 ng/dl). 


Quadric analysis 

This statistical technique was devised to distin- 
guish adrenal adenomas from bilateral adrenal 
hyperplasia pre-operatively, using age, blood pres- 
sure and biochemical findings in peripheral blood. 
Having developed the technique, Aitchison ef al. 
(1971) were able to predict the operation result cor- 
rectly in eight cases. Subsequent prospective use of 
the technique allowed adenoma or hyperplasia to be 
correctly predicted in 23 out of 24 patients (Ferriss 
et al., 1978). Its use in this series was to provide a 
diagnosis with which CT findings could be com- 
pared particularly in the unoperated group. 


CT scanning 

An EMI 5005/23 whole body scanner having a 
reconstruction matrix of 320: 320 was used. The 
earlier scans were carried out using a 13 mm colli- 
mated beam with a field size of 320 mm and the later 
scans a 7 mm collimated beam and a 240 mm field 
size. The larger field size has a pixel size of 1 mm and 
the pixel size of the smaller field size is 0.75 mm. For 
high contrast difference (> 1095) the smallest detail 
that can be discriminated is 1.5 times the pixel size 
(Philips, 1978). This suggests that lesions as small as 
1.1 mm should be visualized with the smaller field 
size provided a sufficient density difference is 
present. 

The patients were given dilute Gastrografin orally 
to outline the adjacent small bowel and hyoscine-n- 
butyl bromide (Buscopan) to act as an antiperistaltic 
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agent. The patients were scanned from the dia- 
phragm to the renal hilum so that the whole area 
occupied by the adrenal glands was visualized. The 
individual scans were carried out at 7 mm shifts to 


give adjacent or slightly overlapping slices. Intra- 
venous contrast enhancement was not used. 





Fic. 1. 
Normal adrenal glands. RA, Right adrenal; LA, Left 
adrenal; A, Aorta; IVC, Inferior vena cava; L, Liver; 


Sp, Spleen; LK, Left Kidney. 





L 


Left adrenal: Ad, 


Fic. 2. 
left adrenal gland. LA, 


Adenoma. 


Adenoma of 


Adenoma oft 


Normal adrenal glands (Fig. 1) may vary in shape 
and position (Brownlie and Kreel, 1978; Montagne 
et al., 1978). The ability of the CT scanner to detect 
adrenal glands was studied in 200 patients who were 
examined for other reasons without clinical suspicion 
of any adrenal disease, using the 320 mm field size 
and 15 or 20 mm intervals between slices. A further 
50 cases with a variety of adrenal diseases, excluding 
primary aldosteronism, were examined using the 
smaller field size as described above. 

An adrenal adenoma when present usually deforms 
the gland outline (Figs. 2 and 3). 


RESULTS 
Visualization of adrenal glands 

In the retrospective review of 200 randomly 
selected patients in whom CT scans were carried out 
to demonstrate hepatic or renal lesions it was pos- 
sible to visualize both adrenal glands in 177 cases 
(88.5%), despite a large slice interval. The right 
adrenal gland was seen in a further eight instances 
and the left in eight of the remainder. 

[n the second series of 50 cases the left adrenal 
gland was seen in 48 cases. ‘The right adrenal gland 
was clearly visualized in 43 cases and in a further 
five instances a mass was seen replacing the right 
adrenal gland. Two glands (one left, one right) had 
previously been removed. Therefore in this series 
only two adrenal glands (one right, one left) which 
were presumed to be present were not seen (2^). 





FIG. 3. 


adrenal gland. RA, adrenal; 


Ad, Adenoma 


right Right 
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TABLE I 
OPERATED CASES 


mienne 


Quadric analysis 
(odds in favour of diagnosis) 





Adenoma 10:1 L.adenoma (6 mm) L. adenoma (4 mm) 
Adenoma 11:1 L. adenoma (11 mm) L. adenoma (22 mm) 
Adenoma 90:1 L. adenoma (12 mm) L. adenoma (7.5 mm) 
Adenoma 112:1 L.. adenoma (15 mm) L. adenoma (10 mm) 
Adenoma LES R. adenoma (13 mm) R. adenoma (15 mm) 
Non-adenoma 4:1 R. adenoma (17 mm) R. adenoma (12 mm) 
Adenoma 36:1 L. adrenal hyperplasia L. adrenal hyperplasia 
Adenoma 2:1 Normal glands L. adenoma (20 mm) 


pnw memre: 


Primary aldosteronism 


In the 18 cases with biochemical evidence of 


primary aldosteronism the right adrenal gland was 
visualized in all cases and the left in 17 cases. Eight 
cases have subsequently had unilateral adrenalec- 
tomy (Table I) and in seven of these operation 
confirmed the CT findings (six adenomas, one 
adrenal hyperplasia). In the remaining patient the 
CT scan was normal, yet operation revealed a 20 mm 
diameter adenoma situated within the gland. In this 
case post-operative review of the scan and print-out 
still failed to demonstrate an adenoma. 

Ten patients with primary aldosteronism have 
been medically treated (Table II). The reasons for 
elective long-term medical management include 
patients’ reluctance to undergo surgery (three), ad- 
vanced renal failure (one), persistent neutropenia 
(one), probable bilateral adrenal hyperplasia (one), 
dexamethasone  suppressible hyperaldosteronism 
(one), bilateral adenomas (one), and age (two). In 
each of these cases the CT findings were compared 
with the diagnosis suggested by quadric analysis, 
which has proved reliable both in previous larger 
series (Aitchison et al., 1971; Ferriss et al., 1978) and 
in the operated cases in this study (Table I). Concor- 
dant results were obtained in eight cases with 
discrepancies in two, in each of which adenomas as 
detected by CT were not suggested by quadric 
analysis. 


DISCUSSION 

There are limitations to the conventional methods 
of visualization of the adrenal glands. An adrenal 
lesion smaller than 5 cm is rarely detected using 
intravenous urography and tomography either by 
direct visualization or by deviation of the kidney 
(Sutton, 1975). Ultrasonography only outlines the 
adrenal gland when it is considerably enlarged 
(Davidson et al., 1975) although with newer tech- 
niques this may become a more sensitive tool 





| CT diagnosis 
(diameter of adenoma) 






Operation 
(diameter of adenoma) 


aAA MER EHE aana A A iiei —————————————— 

















TABLE II 
UNOPERATED CASES 










Quadric analysis 
(odds in favour of 





CT diagnosis 


diagnosis) (diameter of adenomas) 
Adenoma 6:1 | L. adenoma (22 mm) 
Adenoma 2:1 | L. adenoma (28 mm) 
Adenoma 2:1 | L. adenoma (10 mm) 
Adenoma 32:1 | L. adenoma (20 ram) 
Adenoma 15:1 | L. adenoma (14 mm) 
Adenoma 144:1 | L&R adenomas (L 15 mm) 


(R 18 mm) | 


Non-adenoma 94:1 | Normal glands 
Non-adenoma 8:1 | Normal glands 
Non-adenoma 4:1 | R. adenoma (15 mm) 
Non-adenoma 7:1 | R., adenoma (10 mm) 





(Sample, >, 1977). Radionuclide imaging is non- 
invasive and has been used successfully to locate 
aldosterone-secreting adenomas as small as 8 mm in 
diameter (Conn et al., 1972). It has disadvantages in 
that the examination may take two to three weeks to 
complete and spatial resolution can be poor because 
of radioactive dose limitations (Hogan et al., 1976; 
Kirschner et aL, 1975). Bilateral adrenal vein 
catheterization to allow both adrenal venography and 
adrenal vein plasma aldosterone assay gives good 
results but the technique is invasive and can be 
technically difficult (Reuter et al., 1967; Mitty et al., 
1973); serious complications have been reported 
(Bayliss et al, 1970; Fisher et al, 1971). The 
detailed results obtained at bilateral adrenal vein 
catheterization in a larger series of patients will be 
reported elsewhere. 

Published accounts of CT scanning in the local- 
ization of adrenal adenomas in primary aldostero- 
nism are limited and show varying success (Karstaedt 
et al., 1978; Dunnick et al., 1979; Linde et al., 1979). 


The reported adenomas have exceeded 10 mm in 
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diameter, with a single exception which measured 
"less than 1 cm” (Karstaedt et al., 1978). The smal- 
lest adenoma seen in our series was 6 mm in diameter 
and the largest 22 mm, with a mean of 13.5 mm. 

One large adenoma measuring 20 mm in diameter 
was detected by adrenal venography and adrenal 
vein plasma aldosterone assay but not by CT. There 
are a few possible reasons for non-visualization of 
adenomas. Firstly, as reported by Montagne et al. 
(1978) difficulty in visualization of adenomas may 
occur when there is a lack of retroperitoneal fat. ‘This 
causes the organs to be in close apposition and 
adenomas may be misinterpreted as parts of adjacent 
organs, e.g., partial volume of the upper pole of the 
kidney or a loop of bowel which has not been 
opacified with Gastrografin. 

Secondly, in CT scanners there is a compromise 
between low noise and spatial resolution. Although 
when a high density difference (> 10%) is present it 
is possible to detect structures as small as 1.5 times 
the pixel size, at low density differences (1%) 
structures may require to be three to four times the 
pixel size (2.2-3 mm with the 240 mm field size) to 
be visualized (Philips, 1978). Adenomas of the 
adrenals can have low densities (Schaner et al., 
1978). It is possible that the density difference 
between the adenoma and the surrounding fat is less 
than 1°, and it cannot therefore be differentiated. 
These problems are increased if the scans are 
degraded by movement artefacts, e.g. due to bowel 
peristalsis. 

Review of the scans of the patient in whom the 
adenoma was missed showed that there was a lack of 
retroperitoneal fat, and we feel that the reason for 
"non-visualization" of the adenoma was one of 
misinterpretation. 

Another potential difficulty, although not en- 
countered in this series, and not reported elsewhere, 
is that a large hyperplastic nodule may be mis- 
diagnosed as an adenoma. 

Previous evidence suggests that in adrenal hyper- 
plasia the glands may be normal in size or only 
slightly enlarged (Karstaedt et al., 1978; Korobkin 
et al., 1979). In this series one case of hyperplasia of 
the left adrenal was diagnosed by computed tom- 
ography and subsequently confirmed histologically 
(Fig. 4). 

In seven of our eight operated cases CT correctly 
located the lesion (87.5% accuracy) with no false 
positive indication of tumour. This compares 
favourably with the more invasive techniques— 
adrenal venography and adrenal vein plasma aldo- 
sterone assay (Clarke et al., 1979; Horton and Finck, 


1972). 





Fic. 4. 


Hyperplasia of left adrenal showing electronic markers on 
the enlarged lateral limb of the gland. Length between mar- 
kers: 0.8 cm. 


In the unoperated series, the pathological diag- 
nosis necessarily remained in doubt. Quadric 
analysis gave concordant results in eight of the ten 
cases (80%, accuracy). In five of these eight cases the 
results of adrenal vein plasma aldosterone assay and 
adrenal venography were also in agreement. 

These results support the view that CT scanning 
is a reliable technique for locating small adrenal 
adenomas ( Karstaedt et al., 1978). We would suggest 
that it should be the initial investigation for pre- 
operative detection, although experience is limited 
and further comparative studies are required. 
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Diagnostic Imaging of the Kidney and Urinary Tract in 
Children. By A. R. Chrispin, I. Gordon, C. Hall and 
C. Metreweli, pp. xviii +206, 418 illus., 1980 (Current Diag- 
nostic Pediatrics series) (Springer, Berlin/New York), 
DM.118/369.70. 

ISBN 3-540-09472-5 

Infants and children with urinary tract disease present 
unique problems in diagnosis and management. The rapid 
proliferation of radiological techniques has increased both 
the potential for accurate assessment and the complexity of 
choice for each patient, A detailed review of the subject by 
_ four established and respected experts will be welcomed by 
all, whether regularly or only occasionally concerned with 
the investigation of the young. 

This well-produced slim volume, in hard cover, is the 
fourth of a series devoted to "Current Diagnostic Pedi- 
atrics", After chapters discussing “‘the clinical context” and 
"investigatory techniques” there are 11 largely grouped 
around presenting problems. The role and relative value of 
each method of investigation is evaluated for each group of 
presenting problems. Differential diagnostic considerations 
and management problems are reviewed in some detail. 
There is an adequate index and ample apt references are 
appended to each chapter. Most of the profuse illustrations 
are reproduced to a high standard. 
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'The four authors have achieved a uniform high standard 
of text which explains the distinct problems of paediatric 
practice and excites the interests of the reader. There is, 
perhaps, a relative deficiency of some of the main course 
after an outstanding aperitif has whetted the appetite. Three 
examples will suffice. The section discussing the dose of 
radiopharmaceutical refers to a linear graph of surface area 
plotted against dose but this is not illustrated nor quantified, 
leaving the reader in some doubt regarding the dose to be 
used. After a bold claim in the preface that probabilities are 
are insufficient for diagnosis, certainty being an essential 
prerequisite for management, tumefactive xanthogranulo- 
matous pyelonephritis is dismissed as a mass lesion neces- 
sitating exploration and excision. Most striking 1s the 
unsupported statement “For a serious vasovagal attack 
following an injection of contrast medium it is possibly not 
wise to give intravenous atropine”, It is to be hoped that any 
oe edition will be expanded to include more substantial 

are. 

This book will prove to be an invaluable addition to the 
libraries of all teaching units of radiodiagnosis and paedi- 
atrics and should be available in all departments with an 
occasional need to investigate infants or children. 

J. RoYLANCE, 
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ABSTRACT 

We report here our experiences over the past two vears of 
using transfontanellar ultrasound to image the infant brain. 
A consecutive series of 150 examinations has been analysed 
retrospectively, with particular reference to the clinical 
indications and accuracy of the technique. Correlation with 
computed tomography (C'T) has been found to be excellent, 
and the availability of ultrasound has led to a reduction in 
the proportion of patients receiving CT scans, Ultrasound 
has directly influenced clinical management and has emerged 
as the primary imaging procedure for the brain in infants 
under three months of age. 


Until recently, the most widely accepted method for 
evaluating intracranial abnormalities in infants has 
been computed tomography (CT). ‘The possibility of 
demonstrating the brain with B-mode ultrasound 
has been recognized for some years (De Vleiger et 
al., 1963). The first detailed cross-sectional demon- 
stration of the infant brain using ultrasound was 
reported by Kossoff et al. (1974) using an automated 
water path scanner. Kossoff and his co-workers 
were able to image the brain of infants up to two 
years of age in considerable detail. The importance 
of this as an imaging technique was not widely 
appreciated initially, and it has only been in the last 
two years that a considerable resurgence of interest 
in B-mode ultrasound of the infant brain has devel- 
oped (Pape et al., 1979; Skolnik et al., 1979). Since 
we first described the technique of transfontanellar 
ultrasonography (Dewbury and Aluwihare, 1980) 
this appears to have become the preferred technique 
both with static and real-time equipment (Edwards 
et al., 1981 ; Sauerbrei et al., 1981; Slovis and Kuhns 
1981; Grant et al., 1981). We have been using this 
technique for nearly two years and report a retro- 
spective analysis of 150 consecutive scans performed 
during this time. 


TECHNIQUE 
(a) Static equipment 
Static B-scanners are not freely mobile and it is 
therefore necessary for the infant to be brought to 
the equipment. Many of the infants for examination 
are very ill, and the scanning room should therefore 
be equipped with oxygen and suction outlets, so that 
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life support measures can be maintained as neces- 
sary. Alternatively the infants may be moved in 
special care incubators with integral life support 
systems and this has generally been our practice. 
The maintenance of an adequate body temperature 
of the neonate is of great importance, and a radiant 
heat lamp may be necessary for this purpose, even 
though a full examination will only take between five 
and ten minutes. 

Sedation is never indicated for this examination, 
but infants are best examined soon after feeding. An 
oral “dummy” may be helpful if the child is restless. 
The infant is placed on the examination couch, 
propped against a pillow 1n a semi-sitting position, 
with the head gently supported by a nurse. Small 
amounts of movement during the examination do 
not interfere unduly with the diagnostic quality of 
the images. 

The anterior fontanelle varies in size from one 
infant to another, diminishes in size with age and is 
rarely more than 2 cm wide. In order to optimize the 
resolution and the value of this bone-free window, a 
small diameter transducer is used with the highest 
possible frequency consistent with obtaining pene- 
tration to the full depth of the brain. For the past two 
years we have been using a 5 MHz transducer with 
short, internal focus and a flat face of 6 mm diameter, 
This provides good access and resolution, combined 
with adequate penetration (although beam spread 
may become apparent in the far field). 

For each examination, a series of closely spaced 
sector scans is made in both the coronal and sagittal 
planes, the aim being to include as much of the brain 
as possible on each scan. In general, the larger the 
fontanelle, the more complete will be the demon- 
stration of the brain. A more limited access may also 
be possible through the posterior fontanelle and this 
may be of value in further evaluation of the posterior 
fossa. Each image is recorded on some form of hard 
copy film, with markers placed on the images so that 
the ventricular size and ratio can be measured 
following the examination. 


(b) Real time equipment 

Real time scanners are almost always freely 
mobile, and so may be taken to the neonatal wards, 
thus removing the need to transport sick infants to 
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the radiology department. There are two main 
groups of widely available real time equipment: the 
linear array and the mechanical sector scanner. In 
general, the linear array transducer assembly is 
rather large and this limits access through the 
anterior fontanelle. High-frequency transducers with 
much smaller dimensions are now becoming avail- 
able, and allow better access (Sauerbrei et al., 1981), 
though their field of view is limited. There can be 
little doubt that the better alternative for this 
examination is a high-resolution sector scanner. 
Factors to be considered in choice of equipment 
include the size and weight of the transducer 
assembly and the vibration generated from the 
motor. A small, light, high-frequency transducer 
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Histograms showing the age distribution of infants under 
two years having ultrasound brain scans and CT brain scans. 
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with low vibration is the best choice. The technique 
for obtaining the images is the same in principle as 
described for static scanning, but the procedure is 
quicker and easier. Movements of the baby's head 
during the examination can be more easily compen- 
sated for and are therefore of little consequence. The 
mobility of the equipment and the speed and ease of 
use combine to make real time ultrasound an almost 
ideal modality with which to examine these infants. 
At the present time, the resolution of static images is 
superior to real time images, but this is an ever- 
narrowing gap. 


PATIENTS AND INDICATIONS 

Between May 1979 and March 1981, a total of 150 
ultrasound scans of infant brains were performed on 
a consecutive series of 123 patients. All patients 
were referred by either paediatric surgeons (63 
patients) or paediatric physicians (60 patients) 
because of clinically suspected intracranial path- 
ology. No scans were performed on clinically normal 
infants. The age range of patients in this series was 
0-21 months, but the majority of patients were 
under six months of age (Fig. 1). Comparison of 
ultrasound brain scans with CT in infants under two 
years shows a more even spread over the age range 
for CT scans. In only four patients, all early in this 
series, was CT performed before ultrasound. In the 
majority of patients, ultrasound was the first imaging 
procedure performed, and the decision as to whether 
to proceed to CT was taken with a knowledge of the 
ultrasound findings. 

Neonatal intracranial problems most commonly 
present in one of the following ways, or as a com- 
bination of several. 

(a) Raised intracranial pressure. 'This may be pro- 
duced by a number of conditions, including 
hydrocephalus, intracranial haemorrhage, a brain 
tumour or an abscess. 

(b) Seizures and apnoeic attacks. In the neonate, the 
most likely causes include intracranial haemor- 
rhage, metabolic abnormality, such as hypo- 
glycaemia, neonatal tetany and hypoxia, and 
infective episodes, such as meningitis and ence- 
phalitis. 

(c) Central nervous system malformations. The most 
obvious of these are encephalocele and menin- 
gocele, which are frequently associated with 
hydrocephalus. 

(d) Shock syndromes. In the neonate, both severe 
systemic infections and intracranial infections may 
cause severe shock. 

By far the most common problems requiring 
confirmation or exclusion are hydrocephalus and 
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intracranial haemorrhage, and these are the major 
indications for an ultrasound scan in the neonatal 
period. Our own preliminary experience (Dewbury 
and Aluwihare, 1980) and, more recently, the work 
of other groups (Babcock et al., 1980; Edwards et al., 
1981; Slovis and Kuhns, 1981; Grant et al., 1981) 
has indicated that ultrasound reliably and accurately 
demonstrates the size of the and 
shows the presence of intracerebral haemorrhage. 
Hydrocephalus may result from congenital mal- 
formations. Haemorrhage into the ventricles or 
subarachnoid space may also cause hydrocephalus. 


ventricles also 


It may develop following intra-uterine infections, 
such The definitive surgical 
management of hydrocephalus is to perform a shunt 
procedure. The success of the procedure, and the 
early complications, may be monitored by ultra- 


as toxoplasmosis. 


sound. 

The incidence of intracerebral haemorrhage is 
considerably increased in premature infants (Bern- 
stein et al., 1979). With the growth of high risk 
nurseries, allowing the survival of very premature 
infants, this complication is increasingly frequently 
seen and needs evaluation. The diagnosis of both 
intracerebral and intraventricular haemorrhage may 
be made with ultrasound. ‘The blood clots initially 
produce densely reflective echoes. Intracerebral 
haemorrhage frequently occurs in the neonate in the 
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A coronal section taken at the level of the bodies of the 
lateral ventricles. The ventricles (V) are identified as svm- 


metrically placed fluid-filled structures either side of the 
mid-line. The fluid-filled structure lying between them is 
the cavum septum pellucidum (CSP). The Sylvian fissure 


(F) and the hippocampal gyri (H) are identified as relatively 
echogenic structures within the brain tissue. The midbrain 


and the pons (M) also have a more reflective pattern than the 


cerebral cortex. 


sub-ependymal layer in the region of the caudate 
nucleus. If extensive, the haemorrhage may rupture 
into the ventricular system from this site. This is a 
serious complication often leading to hydrocephalus. 


RESULTS 

In this consecutive series of 123 patients there were 
no scan failures included. During the past two years, 
in only one infant has the examination had to be 
abandoned. There were 78 normal scans (in 75 
patients) and 72 scans showing abnormality (in 48 
patients). Ultrasound is able to show the normal 
brain structure in considerable detail, and this is 
described below with representative sections. 

The first is a coronal section (Fig. 2) through the 
bodies of the lateral ventricles. The ventricles are 
identified as symmetrically placed fluid-filled struc- 
tures either side of the mid-line. Between them, the 
cavum septum pellucidum is seen. In the neonate, 
and especially in the premature infant, the cavum 
septum pellucidum may be prominent. It usually 
disappears during the first year of life, but may be 
present in up to 25% of infants up to three months 
of age (Shaw and Alvord, 1969). The cerebral tissue 
is represented by low and mid-level echoes. Inter- 
spersed in these are higher-level echoes corres- 
ponding to the sulci and vascular structures. The 
temporal lobes can be identified, separated from the 





Fic. 3. 


A more posteriorly angled coronal section in the same 

patient through the atria of the lateral ventricles. The highly 

reflective choroid plexus (Ch) can be seen in the ventricles 

(V) diverging away from the mid-line as they pass posteriorly. 

‘The mid line structures (S) and the echogenic cerebellum 
(Cb) are also clearly shown. 
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mid-brain and the pons by the hippocampal gvri 
which are relatively echogenic. The Sylvian fissures 
are shown as C-shaped echogenic structures above 
the temporal lobes. If the transducer is directed at 
the Sylvian fissures, the pulsations from the middle 


cerebral arteries can be clearly identified and, if 


necessary, recorded using the TP mode. 

On a more posterior coronal section (Fig. 3) 
through the atria of the lateral ventricles, choroid 
plexus can be seen on each side as the strong echo- 
genic structures diverging away from the mid-line. 
This echo texture is presumably due to the sponge- 
like configuration of the plexus, producing multiple 
reflecting interfaces. Posteriorly the segmental shape 
of the cerebellum is seen, differentiated from the 
cerebral cortex by its echogenic pattern, and sepa- 
rated from the temporal lobes by the tentorium 
cerebelli. 

Because of the symmetry of the brain, coronal 
sections are particularly valuable for detecting focal 
abnormalities areas of haemorrhage or 
infarction. In the next section (Fig. 4), which is a 
mid-line sagittal section, detail of the normal cerebral 
sulci is well seen. The cingulate sulcus and a cavum 
septum pellucidum are identified. Below this, detail 
of the normal third ventricle is shown. The normal 
third ventricle may not always be identified, pre- 
sumably because it is narrow and its walls are 
parallel to the ultrasound beam. The normal fourth 
ventricle is less often seen. However, its position can 


such as 
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Mid-line sagittal section. Detail of the cerebral cortex and 

cerebral sulci (Su) is well shown. A cavum septum pelluci- 

dum (CSP) is present. Below this both the IIIrd ventricle 

(HI) and the [Vth ventricle (IV) can be visualized. The 

cerebellum (Cb) stands out clearly as a more echogenic 
structure than the cerebral cortex. 


be inferred from the characteristic bright echo 
patterns of the cerebellum lying posterior to it. In an 
angled sagittal section it is often possible to outline 
the major portion of the lateral ventricle in a single 
sweep (Fig. 5). The echogenic choroid plexus can be 
seen at the atrium of the ventricle just above the 
origin of the temporal horn. The thalamic nucleus is 
shown below the curve of the ventricle, and below 
this the sella is outlined. 

The under three 
categories, according to the original primary clinical 
indication: 


results can be considered 


|. Suspected hydrocephalus—79 cases 

Ultrasound was considered normal in 43 patients. 
CT was performed in ten of these and also reported 
normal. In the remaining 33 in this group, follow-up 
has been by clinical examination, and in no case is 
there now evidence to suggest hydrocephalus. 

Hydrocephalus was demonstrated by ultrasound 
in 36 patients. This was confirmed by CT in 22 
patients, and by air ventriculography in one patient. 
The mean width of the lateral ventricle in neonates 
measured at the level of the bodies of the ventricles 
is 10 mm. It is our practice to consider ventricular 
ratios of over 30", as abnormal (Johnson et al., 
1979). however, necessary in 
regard to the measuring point, as the occipital horns 


Some caution is, 


may often enlarge first in hydrocephalus, producing 
non-uniform ventricular dilatation. The frequency 





bic. 5, 


An angled sagittal section outlining the major portion of one 

lateral ventricle (V). The highly reflective choroid plexus 

(Ch) can be seen at the atrium of the ventricle. Enclosed in 

the sweep of the ventricle is the nucleus of the thalamus (T) 
and below this the pituitary fossa (PF) is shown. 
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\ coronal section 1n a patient with moderate hvdroc« phalus. 

‘The dilated lateral ventricles (V) stand out clearly. ‘The 

ventricular ratio is 40°,,. The third ventricle (I) and the 

temporal horns of the lateral ventricles (TH) are also identi- 

fied. The choroid plexus (Ch) can be seen just projecting into 

the origins of the temporal horns. The cerebellum (Cb) is 
identified posteriorly 








Fic. 6n. 


A sagittal section in the same patient. A large part of one 
lateral ventricle (V) is included on this image. The full extent 
of the hydrocephalus can be more readily appreciated as the 
dilatation of the posterior part of the lateral ventricle is 
disproportionatels preat 


with which this is seen makes it of some importanci 
to image the occipital horns, as they are probably the 
most sensitive indicator of early hydrocephalus. T'he 
sagittal sections are particularly useful in this respect. 
[n borderline cases of hvdrocephalus, the shape of 


Fic. 7. 


(^ and B) Coronal and sagittal sections ina patient with a shunt 

catheter (5) pla ed in the right lateral ventricle. The ventri- 

cles remain considerably dilated for several days after the 

shunt procedure, suggesting a blockage of the shunt. The 

fuzzy irregular margins to the catheter tip represent masses 
of choroid ple xus blocking the catheter. 


the lateral ventricles in coronal sections may also 
provide a useful clue if the ventricular outline is 
rounded. An example of moderate hydrocephalus 
is shown in Fig. 6, where disproportionate enlarge- 
ment of the occipital horn is seen in the sagittal 
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lic. 8. 





\ sagittal section showing hydranencephaly. No brain tissue 
is identified above the mid-brain (M). Between the skull 


vault (Vt) and the mid-brain, the skull is filled with fluid (F). Fic. 10a. 


A coronal section in a patient showing periventricular 

haemorrhage (PH) and intraventricular haemorrhage (1H). 

The ventricles are markedly dilated and the third ventricle 

(IID is identified below the dilated lateral ventricles. An 

area of breakdown is occurring within the periventricular 
haemorrhage. 





FIG. QA, 


\ coronal section showing intracerebral haemorrhage (H) at 
a characteristic site in the neonate. The haemorrhage ts large 
and 1s elevating and distorting the lateral ventricle (V) on 
the side of the haemorrhage. "The normal lateral ventricle is 


( learly seen on the other side. 





Fic. 10B. 


A sagittal section in the same patient again showing both the 

periventricular haemorrhage (PH) and the intraventricular 

haemorrhage (IH). The central breakdown in the peri- 

ventricular haemorrhage can be more readily appreciated on 
this sagittal section. 


Fic. 9n. 

Sagittal section in the same patient showing the classical 
distribution of the haemorrhage (H) in the region of the 
caudate nucleus. 'The reflective area of haemorrhage clearly 
outlines the posterior part of the thalamic nucleus. The 
compressed ventricle (V) can just be seen above the caudate 


nucleus haemorrhage. 
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FIG., Ke 


A sagittal section showing a large occipital porencephalic 

cyst (PC) in continuity with the posterior part of the lateral 

ventricle, This cyst was secondary to a documented cerebral 
infection. 


section. The correlation in regard to ventricular size 
on CT and ultrasound 1s almost exact. In the re- 
maining 13 patients in this group with hydroce- 
phalus, CT was not performed, but either a shunt 
procedure was performed on the basis of the ultra- 
sound findings, or the patient died as a result of a 
positive decision not to perform a shunt. 

Following insertion of a ventricular shunt, ultra- 
sound is able to show the position of the catheter tip. 
The ventricular size can be closely monitored and 
complications such as haemorrhage may be demon- 
strated, Shunt blockage due to masses of choroid 
plexus around the catheter may also be shown (Fig. 
7). 

Within this full group of 79 patients, 21 patients 
had a neural canal defect of some type, and of these 
16 were shown to have hydrocephalus, an incidence 


of 76%. Under half this number were clinically 
suspected of having hydrocephalus. In addition to 
hydrocephalus, other cystic abnormalities in the 
head are readily demonstrated by ultrasound, and 
included in this group was one case of hydranence- 
phaly (Fig. 8). In this situation, no cortical tissue is 
identified above the mid-brain. 
2. Suspected intracranial haemorrhage—J8 cases 
Ultrasound was considered normal in 30 patients; 
of these, four patients had CT scans which were also 
normal, and the remaining 26 have been carefully 
followed by clinical examination. To date, there is no 
evidence of any false negative ultrasound studies in 
this group. In eight patients, ultrasound showed 
evidence of periventricular haemorrhage (Fig. 9) or 





\ posteriorly angled coronal section showing a localized 


The ultrasound appearances are initially 
area of localized haemorrhage. The choroid 
plexus (Ch) can be identified. 


parietal infarct 
those of ar 


intraventricular haemorrhage (Fig. 10). The charac- 
teristic appearance of haemorrhage on ultrasound is 
as an echogenic mass. Intraventricular haemorrhage 
must be distinguished from the normal choroid plex- 
us which unlike haemorrhage, is attached medially to 
the ventricular atrial wall. At present it is not clear 
how soon after bleeding a ventricular clot will 
become echogenic, and so be visualized by ultra- 
sound; but Slovis and Kuhns (1981) report a case 
seen two days after birth. In time, areas of intra- 
cerebral haemorrhage may show evidence of central 
breakdown (Fig. 10) and it is possible that it is at 
these sites that a porencephalic cyst may develop. 
This cystic abnormality has a very characteristic 
fluid-filled 
|1). 


[In four of the eight patients, the ultrasound findings 


ultrasound appearance of a rounded 


structure in continuity with the ventricle (Fig. 


were confirmed by CT. In two patients, follow-up 
ultrasound showed the development of hydroce- 
phalus, later confirmed in both cases by CT. The 
case history of one of these patients has been 
previously (Dewbury and Aluwihare, 
1980). The other two patients died. The presence of 


described 


extensive germinal layer haemorrhage was con- 
firmed in one at post-mortem. The other patient did 
not have a post-mortem and the ultrasound diagnosis 
therefore remains unconfirmed. 
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Fic. 13. 


A sagittal section showing extensive cortical infarction (CI). 
Much of the cortex appears to have disappeared and is 
replaced by lakes of fluid. 'The lateral ventricles (V) are also 


dilated. 


3. Other categories—six cases 

This group is a mixture of different pathologies. 
Two patients showed a localized brain infarct, both 
by ultrasound and CT (Fig. 12). The ultrasound 
appearances are those of a localized haemorrhage, 
and distinction from a brain tumour is probably not 
possible. The follow-up CT scans showing the 
resolution of the lesion establish the diagnosis of an 
infarct. Another patient showed extensive brain 
infarction with both techniques, where the cerebral 
cortex appears to be partially replaced by lakes of 
fluid (Fig. 13). In one case a diagnosis of tuberose 
sclerosis was made at CT, where the ultrasound only 
demonstrated moderate ventricular dilatation. In 
another patient who had normal ultrasound and CT 
studies, post-mortem diagnosed the Werdnig- 
Hoffmann syndrome. Finally, there was one patient 
with a cephalhaematoma for whom both ultrasound 
and CT studies were normal. 

Both ultrasound and CT scans were performed on 
48 patients. Excluding minor degrees of cortical atro- 
phy, which was suggested by CT in nine patients, 
there was correlation with ultrasound in 47 patients 
(98%). The other patient had tuberous sclerosis. A 
large prospective studv, rather than a retrospective 
study such as this, is probably essential to assess fully 
the accuracy of ultrasound and its limitations in 
relation to CT. However, it is clear that our ex- 
perience regarding its accuracy agrees with the 
experience of other workers. 


DISCUSSION 
In the past two vears, the technique of transfon- 
tanellar ultrasound of the infant brain has evolved as 
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according to clinical indication (up to two years old). 


a major new application of ultrasound. It has a high 
degree of accuracy in demonstrating both hydro- 
cephalus and intracerebral haemorrhage with excel- 
lent correlation with CT. Ultrasound is a non- 
invasive technique, and, in the form of real time 
equipment, it provides a nearly ideal diagnostic tool. 
However, if ultrasound is to make a really significant 
contribution to the management of this group of 
patients it must be able to replace existing procedures 
rather than simply complement them. We have 
analysed all the paediatric neurological brain scan 
referrals over the past two years, according to 
clinical indication (Fig. 14) and according to imaging 
procedure performed (Fig. 15). There has been a 
dramatic increase in the number of patients referred 
either with suspected hydrocephalus or suspected 
haemorrhage, This is almost exactly mirrored by the 
number of ultrasound studies performed. The rise in 
the number of CT scans being performed in the 
same period is only modest, particularly in infants 
under three months of age. This is at a time when 
the overall demand for brain CT has risen dramati- 
cally. In addition, late in 1978, a change was made in 
the practice of infants having a general anaesthetic 
for a CT scan to a heavy sedation regime. This 
change alone was expected to increase substantially 
the demand for CT in this age group. We conclude 
that these observations indicate a substantial relative 
reduction in the number of CT scans being per- 
formed over this short time. It is our opinion that 
this trend will continue as ultrasound equipment 
improves and as our experience grows. We have 
attempted to assess the clinical impact of ultrasound 
by retrospective analysis of the patients’ records. Of 
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‘Total paediatric neurological referrals for brain scan accord- 

ing to imaging modality used. The steep rise in the number 

of referrals is almost exactly mirrored by the number of 

ultrasound studies being performed, particularly in the 
under three months age group. 


necessity, this remains a little anecdotal, but it 
appears that the ultrasound result influenced the 
management in almost every instance, even if only, 
in some patients, confirming a decision to proceed to 
CT. More specifically, in 59 patients, no further 
imaging procedures were performed on the basis of 
the ultrasound results. The majority of ventricular 
shunts are now only followed, certainly initially, by 
ultrasound studies. In eight cases ot hydrocephalus 
diagnosed by ultrasound, six were not shunted and 
two were shunted on the basis of the ultrasound 
findings. This means that in over half the patients in 
this series the result of the ultrasound study has been 
shown to have a major influence on clinical manage- 
ment. 


Ultrasound is, in general, more readily available 
than CT. Our experience suggests that in certain 
instances it 1s able to replace CT, and that overall it 
has a major influence on clinical management. These 
three factors point to the use of ultrasound as the 
primary imaging procedure for the neonatal brain in 
the future. CT is undoubtedly more accurate than 
ultrasound in certain conditions, for example, 
delineation of brain tumours, particularly in the 
posterior fossa, and the demonstration of sub- 
arachnoid haemorrhage. The precise interrelation- 
ship between the two techniques remains to be 


defined. 
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ABSTRACT 

During the past three years, 23 com puterized tomography 
(CT) machines from ten different manufacturers located in 
Europe and the USA have been evaluated. Using the same 
set of phantoms and measurement techniques, performance 
data have been derived including noise, uniformity of CT 
numbers, low contrast detectability, spatial resolution, 
modulation transfer function, effective photon energy and 
linearity of CT numbers. Thermoluminescent and film 
dosimetry were used to determine single-slice dose profiles 
at the periphery and centre of specialized anthropomorphic 
phantoms. The results of this study are presented in tabular 
and graphical form together with some general conclusions 
on their implications. 


Since the development of the first commercial CT 
machine in 1972 (Hounsfield, 1973), a large number 
of systems have been introduced. More than twenty 
models from over ten different manufacturers have 
been brought onto the market during this period 
with varying degrees of success. 

The performances of these diverse systems are 
difficult to assess due to the fragmentary nature of 
published measurements, often based on rather 
limited measurement techniques and phantoms. 
Potential users, unless able to undertake the neces- 
sary detailed measurements themselves, are often 
forced to rely on performance data supplied by 
manufacturers who, understandably, emphasize the 
best aspects of their machines, frequently presenting 
results derived under idealized conditions. 

The purpose of this study has been to obtain 
performance data from the important CT machines, 
using a single set of regular geometry and anthropo- 
morphic phantoms and common, comprehensive 
measurement techniques (White et aL, 1981). In 
addition, every effort was made to assess each scanner 
in a hospital environment, using operating modes in 
routine clinical use at the hospital being visited. A 
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report on a group of EMI machines (CT1010 and 
CT 5005), using the same phantoms and techniques, 
has already been published (Speller et al., 1981), and 
this communication is an extension of the study 
covering a further 17 types of CT machines. 

In order to evaluate so many different machines, 
installations in both Europe and the USA had to be 
visited, necessitating the collaboration of three 
groups of physicists, each responsible for a definite 
aspect of the study. The logistics of the work under- 
taken in the USA and the thermoluminescent 
dosimetry (measurement and analysis) were organ- 
ised by the Bureau of Radiological Health, Rockville, 
Maryland (C.K.S., T.J.M., T.B.S.). The Memorial 
Sloan-Kettering Cancer Center, New York (L.N.R., 
K.S.P.), undertook all aspects of the film dosimetry. 

The UK authors (R.D.S., D.R.W.) were respon- 
sible for producing the phantoms and for the 
measurement and analysis of the radiographic 
performance data. 


THe CT MACHINES SURVEYED 

The CT machines evaluated in this study are 
listed alphabetically according to manufacturer in 
Table I. Of the machines assessed, 20 were in routine 
clinical use at the time of the measurements. To 
observe complete anonymity the exact locations of 
these 20 machines will not be given. It is perhaps 
interesting to note that installations in Britain, 
Holland and the USA were visited, including 
hospitals in Washington, New York, Cleveland, 
Indianapolis, St. Louis and Utrecht. The Pfizer A.S. 
& E. Model 0500 was a factory-based machine, as 
was one of the four Philips Tomoscan-300 machines. 
The EMI model CT7070 was installed at a hospital 
but assessed during its pre-clinical trials. 

Table I also gives details of machine type, scan- 
ning motion, number and type of detectors. General- 
purpose machines are classified as "body" scanners, 
while specialized head machines are referred to as 
“brain” scanners. Scanning motion is described in 
three ways. Rotate-Translate (RT) machines are 
those where the X-ray tube translates and then 
indexes around the patient. Rotate-—Rotate (RR) 
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TABLE H 
SUMMARY OF PHANTOMS USED AND MEASUREMENT TECHNIQUES 






Parameter Phantoms used 















Subjective analvsis of images of 3.17 mm dia. aluminium pin located 
centrally. i 
Derivation of FWHM from CT number profiles using 307/45" 
inclined AI plates, located at top, centre and bottom of phantoms. 
Standard deviation (o) of central, circular area, 100 pixel radius, 
expressed as percentage of difference between C'T numbers for water 


(Fly) and air (Eq), 7.e. 


Maximum difference in CT numbers in 20 pixel radius, circular areas 
at centre (H1) and periphery (He), expressed as percentage difference 


Regular geometry—- 
20 cm and 33 cm dia. 
Regular geometry 
20 cm and 33 cm dia. 
Circular, water-filled 
Perspex container— 
20 cm and 33 cm dia. 


Alignment 












Slice thickness 












Noise 
















Uniformity of CT 
numbers 


Circular, water-filled 
Perspex container-— 
20 cm and 33 cm dia. 

























Anthropomorphic 
skull and thorax 


Low-contrast 
detectability 


Anthropomorphic 
skull and thorax 


Spatial resolution 


(1) Regular geometry 
—-20 cm dia. 

(2) Anthropomorphic 
thorax 
Anthropomorphic 
skull and thorax 
(Dosimetry 
Phantoms) 

Regular geometry—- 
20 cm and 33 cm dia 


Modulation transfer 
function 


Dose received by the 
patient 


Effective energy and 
linearity of C'T numbers 






systems have a rotating X-ray tube and detectors 
without translation. Rotate— Stationary (RS) ma- 
chines have a rotating X-ray tube and a stationary 
bank of detectors. From 1—1088 detectors are used 
in these systems, including a variety of ionization and 
solid state devices and scintillation materials. 

In Table I information on pixel size (mm), kilo- 
voltage, tube current (mÀ or mAs) and scan time 
(sec) is given for brain and body (that is, abdomen, 
thorax) scanning. The exposure factors represent the 
normal values employed at the sites visited for the 
majority of routine clinical investigations. The use of 
special hardware and software packages for high- 
resolution reconstructions were not considered in 
this analysis. It must be stressed that the perfor- 
mance parameters quoted in this paper may differ 
from those issued by manufacturers where each 
parameter is estimated after the system has been 
optimized for such measurements. However, use of 
the scanning technique factors given in Table I 
means that the performance data presented here 
represent typical values that could be expected from 
these machines when carrying out a radiological 
examination. 

It is also important to realize that in many instan- 
ces this survey only considered single examples of 


SO a OS eee a a e e oaa smn PR a NI AER T A aa Ma a ANANAS A Pri NN tha artum ree e eS Paar rie Ae S Met terea aom eda n re Wr tnra rA m ha 
- a —— - 


between Hy and Ha, ze. 





Measurement techniques 


oo S Ml Dy 
H.-Ha k 100( ? a) 


Hi-H)nax A 
OIL Tees x 100(%,) 


Subjective analysis of images of polystyrene rods embedded in water 
substitute (2-5?4 contrast). Minimum detectable dia. rod noted at 
various locations in the phantoms. 

Subjective analysis of images of arrays of rods of cortical bone 
substitute. Minimum detectable dia. noted at central and various 
other locations in the phantoms. 

Derived from Perspex edge in water substitute located at various 
peripheral sites, using the technique of Judy (1976). 


Dose profiles assessed from arrays of TLD and film strips at central 
and between 6-8 surface locations. 


Evaluation based upon 'keV liquids' introduced by White & Speller | 
(1980). All measurements made at central locations. 


given scanner types so care must be exercised in 
assuming these performance data relate to average 
performances. In the case of General Electric 
CT/T8800, and Philips Tomoscan-200 and Tomo- 
scan-300 machines, more than one model was 
assessed. 

Of the three surveys on General Electric machines 
(CT/T8800(1)—CT/T8800(3)), the first two were 
performed on the same machine, while CT/T8800(2) 
was surveyed 20 months after CT/T8800(1). Two 
Philips machines, Tomoscan-200(1) and 'T'omoscan- 
200(2) were assessed, the first having experimental 
collimation although still in use clinically. Four 
surveys on machines Tomoscan-300(1)— l'omoscan- 
300(4) included repeat measurements. The first two 
and the last two were the same models but surveyed 
after intervals of three and six months respectively. 

All systems were calibrated in Hounsfield Units 
except EMI Mk I and General Electric CT/T7800 
which were in EMI Units. 


MATERIALS AND METHODS 
A range of solid and water-filled phantoms was used 
in the experimental part of this study. 
Regular geometry phantoms were solid, 6 cm thick 
circular discs of an  epoxy-resin-based water 
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TABLE IV 
MEAN VALUES AND STANDARD DEVIATIONS (SD) FOR SIX OF THE PERFORMANCE PARAMETERS EVALUATED 


p ———— 





Brain scanning 





Body scanning 


Parameter No. systems Mean SD No, systems Mean SD 
Noise( t4) 19 0.6 0.5 19 0.9 0.5 
Uniformity of CT numbers (%4) 19 0.6 0.5 19 0.9 0.8 
Low-contrast detectability (mm) 23 2.7 1.0 19 3.8 1.0 
Spatial resolution (mm) 23 1.5 0.3 20 1.8 0.4 
MTF (5095 cut-off) (cycles. cm-t) 7 | 2.4 0.6 6 | 2.0 0.4 
Max. surface dose (mGy) 22 2 : 23 14 





substitute. Two types were available. A 20 cm di- 
ameter disc with a 4 mm ring of cortical bone re- 
presented the skull, while a 33 cm disc represented 
the abdomen. 

Anthropomorphic phantoms, 6 cm thick, composed 
of epoxy-resin-based tissue substitutes, included 
skull, upper abdomen and mid-thorax sections. 

Dosimetry phantoms were solid, anthropomorphic 
in design with central and surface channels for 
thermoluminescent and film dosemeters. In use the 
dosimetry phantoms were sandwiched between two 
5 cm thick “scatter” blocks of Plexiglas. 

Water-filled Perspex containers were also used. 
Two circular containers both 10 cm thick, 20 cm and 
33 em diameter, represented the skull and abdomen 
respectively. 

The solid regular-geometry and anthropomorphic 
phantoms had cavities into which conical plugs could 
be inserted. The plugs contained test pieces enabling 
all the important CT performance parameters to be 
readily measured. The design and philosophy behind 
these phantoms have recently been reported (White 
et al., 1981). 

Nine performance parameters were evaluated, 
namely: Alignment, Slice thickness, Noise, Unifor- 
mity of CT number, Low-contrast detectability, 
Spatial resolution, Modulation transfer function, 
Dose received by the patient, Effective energy and 
linearity of CT numbers. 

À summary of the phantom arrangements used 
during the study and the measurement techniques 
adopted for the evaluation of these parameters is 
given in Table II. Throughout the study, brain 
scanning was evaluated with 20 cm diameter regular- 
geometry or anthropomorphic skull phantoms; body 
scanning was assessed with the 33 cm diameter 
regular-geometry and the anthropomorphic abdo- 
men or thorax phantoms. A fuller discussion of 
these procedures is to be found in the earlier publi- 
cations of White et al. (1981) and Speller et al. 
(1981). 





RESULTS 

The main results of this evaluation are presented 
in Tables IHI and IV and Figs. 1 and 2. Because of 
deficiencies in hardware and software with certain 
models, such as lack of line-printer, statistical 
packages, etc., it was not possible to obtain a full set 
of performance data for each machine. Consequently 
omissions are apparent in some of the data presented. 

Alignment. One system produced significant 
streaking around images of the high contrast alumin- 
ium pin, indicating poor mechanical alignment. 
Other artefacts liable to be confused with diagnostic 
information were noted on a number of machines. 
Some examples of these are shown in Fig. 1 and 
include ring artefacts and various structured imaging 
defects. 

Slice Thickness. Nominal (as supplied by manu- 
facturers) and measured slice thickness are shown in 
Table HI. The measured values are means from 
estimates at the top and centre or top and bottom of 
the phantom, depending upon scanning motion. 
Poor correlation between nominal and measured 
values was noted for a number of systems. 

Noise. These results for the machines surveyed are 
presented in the top graphs given in Fig. 2, with 
brain scanning shown on the left and body scanning 
on the right. Noise is generally between 0.2 and 1% 
for brain scanning, with many machines below or 
equal to 0.595. A wider spread of increased noise 
values was apparent with body scanning, namely 
0.3-294. 

Uniformity of CT numbers. These data are plotted 
on the same axes as noise (top graphs, Fig. 2). In a 
number of instances the uniformity data are seen to 
approach and exceed the noise values. Under these 
conditions the non-uniformity would be visible in 
scans viewed at normal window and level settings. 
Brain scanning appeared to suffer more from this 
problem than body scanning. 

Low-contrast detectability. The results for this 
parameter are shown in the second set of graphs from 
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the top in Fig. 2. It can be seen that many machines 
had minimum detectable Eee between e — 4 


ning. An agpection of the ey ant graphs i in Fi "ig. 2 
will indicate a reasonable correlation between the 
subjective measurement of low contrast detectability 
and the objective parameter, noise. That is, an 
increase in the noise corresponds with an increase in 
the diameter of the minimum detectable polystyrene 
rod. No corrections have been made for the different 
beam energies used and the corresponding change in 
the contrast of polystyrene compared with water. 

Spatial resolution. The results for spatial resolution 
are plotted in the second set of graphs from the 
bottom of Fig. 2, and showed a remarkable con- 
sistency considering the diversity of the machines 
being tested. As expected, brain scanning gave 

slightly better resolution values of between 1--2.25 
mm compared to body scanning which was 1.25-2.5 
mm. The results correlate well with the pixel sizes 
given in Table I. 

Modulation transfer function (MTF). The spatial 
frequency at which the MTF, derived from an edge 
response, falls to 50°% is plotted for each machine on 
the same axes used for spatial resolution (Fig. 2, 
second set of graphs from bottom). Brain scanning 
produced frequencies predominantly in the range 
2-3 cycles. cnr}, while body scanning yielded values 
— 2 cycles. emi. The lack of print-out facilities at 
several centres visited is the reason for the reduced 
number of MTF values plotted here, making any 
correlation between MTF and any other parameter 
such as spatial resolution difficult to positively 
identify. 

Dose received by the patient. A wide variation in 
dose to the patient, particularly for brain scanning, is 
evident from the plotted maximum surface dose data 
shown in the lower graphs of Fig. 2. For single slices 
in brain scanning, maximum surface doses from 10- 
100 mGy were recorded. These corresponded to 
maximum surface bodv doses, again for single slices, 
of 6-50 mGy. In general, an increase in dose is seen 
to be reflected in lower noise values and improvement 
in low-contrast detectability. A more detailed ac- 
count of the dosimetric aspects of this study, inclu- 
ding the presentation of complete single- -slice dose 
profiles, has been produced by Shope et al. (1982). 

Effective energy and linearity of CT numbers. These 
data are listed in Table IH. Systems using the same 
kilovoltage setting for brain and body scanning 
were studied in the brain mode only. With kilo- 
v oltages ranging from 100 to 140 kV, effective photon 
energies were in the interval 66—75 keV for brain and 
70—79 keV for body scanning. Most systems exhibi- 
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ted excellent linearity of CT numbers versus p- 
values over 4-50 Hounsfield Units, with correlation 
coefficients generally better than 0.999, 

The mean values and standard deviations for all 
the measured data are given in Table IV for noise, 
uniformity of CT numbers, low-contrast detecta- 
bility, spatial resolution, M'TF and dose to the 
patient. 

DISCUSSION 

This study has provided a large quantity of data on 
the performance ot a diverse range of CT machines, 
much of which should be directly applicable to their 
use in clinical practice. No attempt has been made in 
this present analysis to correlate the results with such 
machine characteristics as scanning motion or slice 
thickness. The concise presentation should enable 
users to compare carefully-measured performance 
data from their own machine with another of the 
same type. 

Similar machines from two manufacturers have 
given consistent results for individual parameters. An 
earlier survey of groups of EMI brain and body 
machines (Speller et al., 1981) has confirmed that, 
except perhaps for MTF and dose to the patient, only 
small machine-to-machine variations for many other 
parameters can be expected for machines in clinical 
use. Consequently, it seems reasonable to assume 
that results obtained from a single example of a given 
model are representative of that model, as long as it 
is not seriously maladjusted. No serious maladjust- 
ments were noted with any of the single examples of 
CT machines considered in this study. Extreme care 
must be exercised with any intercomparison of 
different types of scanners often functioning under 
dissimilar operating conditions. 

Slicethicknesses quoted by manufacturers are often 
used as the slice increment distances in multiple- 
slice examinations. Under these circumstances the 
increment should equal the Full-Width-Half- 
Maximum (FWHM) thickness, if clinical informa- 
tion is not to be missed or unnecessary radiation 
given to the patient. The nominal slice thicknesses 
quoted in this study were as specified by the manu- 
facturers. Differences between these nominal values 
and the measured data are probably due to the 
different methods of assessment being employed. It 
was not always clear exactly how manufacturers 
assessed slice thickness, although it appears that 
simple beam geometry considerations were some- 
times employed. 

The results indicated that, for brain scanning, CT 
machines are now capable of providing images having 
noise values below 0.594 for maximum surface doses 
below 30 mGy, with corresponding low-contrast 
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detectability of 2 mm and spatial resolution better 
than 1.5 mm. For body scanning, noise values less 
than [195 are attainable with marginally lower 
maximum doses of below 20 mGy, detectability 
below 4 mm and resolution better than 1.75 mm. 
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Book review 


Computed Tomography and Cerebral Infarctions. By J. Valk, 
pp. 190, 1980 (Raven Press, New York). 
ISBN 0—89004—646—8 

It may be a surprise that a book of almost 200 pages should 
have been written on this subject. Yet Gardeur and Metzger 
produced a 300 page book on intracranial tumours as long ago 
as 1978, and cerebrovascular disease is much less uncommon. 

Given that there is a place for a comprehensive book on 
the topic, is this it? Dr. Valk has produced a work based 
almost entirelv on his own experience, which is commend- 
able, but with the result that the factual data are spread 
rather thin. Indeed, only pp. 47-143 and 150-151 concern 
the prime subject of the book, the early pages being a 
technical introduction to CT and the latter sections con- 
cerned with other types of cerebral lesion. The publishers 
have not served the author ideally: some of the illustrations 
are inadequate, and the lack of inset paragraphs renders the 
text unattractive and at times confusing. The numerous 
diagrams are, however, excellent. 

Dr. Valk is known as an advocate of improved inter- 
national communication at congresses. It is sad to have to 
report that the English here is far from idiomatic: "If surgery 
is on the CT scan evidence no longer considered as an 
alternative treatment, angiography can be omitted; it serves 
no purpose, certainly not the interest of the patient", while 
unambiguous, is inelegant. Vacillation over American and 
British (and even Swedish) usage must be debited to the 
editor. There is no index. 

There are factual errors or confusions: 'pixel'" is com- 
monly used to mean either “‘picture element”, in which case 
its dimensions are those of the image or "surface area in the 
patient represented by a picture element", when its dimen- 
sions correspond to real measurements in the patient. To 
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define it simply as a "picture element" and then refer to the 
latter dimensions is misleading. Restriction of the term 
"enhancement" to only the extravascular component pro- 
ducing an increase in attenuation coefficients is without 
precedent. The passage on "hyperperfusion" compounds 
the widespread confusion between radionuclide, angio- 
graphic and CT findings, one of the things one would look 
to a book like this to clarify. 

The other major point which is not resolved is the 
relationship of CT findings to prognosis; the author states 
that it is "under study in our department". He should 
perhaps have awaited the conclusion of that study; it is a 
crucial question, since it could be argued that the only role 
for CT in stroke is to confirm the diagnosis and exclude 
haemorrhage, and that unless it can give prognostic infor- 
mation, its contribution is entirely academic. But the author 
concludes: “It would not surprise me if the clinical evalu- 
ation and the response of the patient's symptoms to treat- 
ment were a far better guide to predict the outcome of a 
cerebral infarction than analysis of C'T scan images". Work 
such as that of Caillé and his colleagues in Bordeaux on CT 
follow-up of anti-oedema therapy and its effects on prognosis 
is not mentioned. Unfortunately, other recent studies 
indicate that administration of contrast medium may worsen 
the prognosis in cases of cerebral ischaemia; if the almost 
routine high-dosage contrast regime proposed by the author 
were to become widely adopted, the results could be costly 
in more ways than one. 

It will be clear from the foregoing that the question posed 
in the second paragraph cannot, regrettably, be given a 
positive answer. 

I. MOSELEY. 
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ABSTRACT 

A simplified method of absolute quantitation of activity in 
any region of the body is presented utilizing a series of views 
acquired with a scintillation camera linked to a computer. An 
accuracy of +6", may be achieved, No additional program- 
ming needs to be added to the standard nuclear medicine 
computer software and a knowledge of the attenuation 
coefficients involved and the shape or position of the organs 
examined is not presupposed or estimated. Attenuation cor- 
rection is performed using a transmission image as one of the 
sequence of camera views. The phantom measurements used 
to evaluate the technique are decsribed and some clinical 
results presented. 


so-called quantitation applied to nuclear medicine 
images is usually in the form of count ratios from one 
region to another. The usefulness of these ratios is 
limited since they suffer from the effects of tissue 
attenuation and variations in instrumental response 
with depth and size of the region. True quantitation 
of activity would, however, give added information 
in various clinical circumstances, particularly in such 
studies as 181] uptake of functional thyroid meta- 
stases, in bone scans where there may be generalized 
changes of tracer uptake which may go undetected, 
in colloid scans where the distribution of functional 
reticulo-endothelial cells varies with diseased states, 
and in radiation dosimetry measurements. In our 
department we have previously used a twin-headed 
scanner for quantitation of splenic function (Szur ef 
al, 1968), uptake of tumour localizing agents 
(Lavender et al., 1973b), bone scanning (Lavender et 


al., 1973a) and the distribution of !41]-labelled white 
cells (Thakur et al., 1977). Methods based on the 
gamma camera obviously have a wider application in 
most departments of nuclear medicine. The choice 
of a camera rather than a scanner for this study has 
been made on the basis of the wider availability of a 
camera interfaced to a computer and to the special 
properties of the parallel-hole collimator, which does 
not require the depth correction factors associated 
with the focusing collimator of a scanner. 


"THEORETICAL CONSIDERATIONS 

A number of methods of achieving quantitation 
with a gamma camera/computer system have been 
described (Thomas et al., 1976; Cauwe and Ferrant, 
1979; Fleming, 1979) and are compared in Table I. 
We considered these to be rather elaborate, and a 
simpler approach requiring no new programming of 
the standard nuclear medicine computer system was 
therefore devised and tested. 

All the methods are based on combining counts 
from anterior and posterior images of the body with 
correction for attenuation and radionuclide distri- 
bution to form an equation of the type 


A=F. (Na. Np} eb (ull2)(sinhjlj2) . (1) 


where A —activity in a particular region in pCi; F= 
instrumental calibration factor; Na, Np are the 
regional counts in an image acquired anteriorly and 


TABLEI 


COMPARISON OF METHODS USED TO CORRECT QUANTITATIVE MEASUREMENTS OF ACTIVITY FOR EFFECTS OF ATTENUATION AND 
ORGAN GEOMETRY. (SEE TEXT FOR REFERENCES AND EXPLANATION OF SYMBOLS) 







Authors Images acquired 


Graham and Neil A, P, Transmission, Flood | measured 
Thomas et al. A,P u calc. 
Cauwe and Ferrant | A, P, Lateral je calc. 


Fleming A, P, R Lat, L Lat u calc. 





A, P, Transmission, Flood 


This work 





eb term 


IL. measured 


measured 






l/2 
m term 





sinh yl 2 2 Notes 
— ‘Transmission, Flood same energy 
Mean of arithmetic/geometric means 
p. calc. 


p calc. 


L measured 


p calc. 
/ from lateral 


mm Transmission/Flood different energy 
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posteriorly; L, / are the body and organ thickness in 
the region considered and & is the (assumed con- 
stant) linear attenuation coefficient in the projected 
region. 

Since, in practice, it is difficult to determine the 
correction terms e-"L/? and (u//2)/(sinh 4//2) without 
significant error due either to assumptions in de- 
veloping equation (1) or to measurement of the par- 
ameters uL and l it is worthwhile to consider 
whether they can be more readily estimated or even 
omitted. 

'Three difficulties in accurately evaluating equation 
(1) are apparent. The first is estimating the attenu- 
ation term e°“4/2 when the values of u and L vary 
throughout the image. Each pixel in. the image 
represents the sum effects of activity distributed in 
depth and attenuated by a range of material (lung, 
bone, liver tissue, etc.) with different attenuation 
coefficients. The second difficulty is estimating the 
term (ul/2)/ (sinh u//2) if the three dimensional shape 
of the organ relative to the body outline is unknown. 
The third is complying with the assumption of the 
equation since it is strictly true only on a pixel basis 
such that 


A= A= L°F (Nai. Npi)? en . (ali /2)/ 
(sinh ui/;/2). 


Here 2” implies summing over n pixels in a region, 
each pixel itself the average over the direction normal 
to the collimator face. Since available methods of 
dealing with images acquired by the computer 
system almost always deal with pixels summed 
within a specified region of interest, the equivalence 
of the two sums 2?(Nai.Npi)? and the available 
(E^ Nai. 2° Ny)! was examined. 





| 
15 20 25 


0 5 10 


Fic. f. 


Representative correction term (u//2.100) (sinh 4//2)75, asa 

function of organ thickness /. The value of p= 0.12 noted was 

measured with a 100 m] volume of ?*"T'cat various depths in 

a 30x 30x 24 em tank of water viewed by a scintillation 
camera. 
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The first difficulty may be overcome by using a 
transmission source to create an attenuation image. 
This image, needless to say, is only an approxi- 
mation because of statistical limitations but has the 
advantage of being a locally measured one specific- 
ally for that patient. T'he method has been used by 
Graham and Neil (1974), who employed a source of 
the same energy as that in the emission image. In 
their study the transmission image had to be ac- 
quired. before the radionuclide was injected into the 
patient, which led to a time difference between the 
transmission and emission study and hence to 
possible errors in aligning the images. 

We have used a source of approximately the same 
energy, measured immediately after the emission 
source but in its own pulse height window. Because 
some of the emission source counts will fall within 
this window an emission source image is also re- 
corded in the transmission window and is then sub- 
tracted from the previous (superimposed) image to 
form the final transmission image. Emission and 
transmission images are therefore geometrically 
aligned. In the common situation when the distri- 
bution of 99?T'cm (141 keV) is to be quantitated, a 
readily available “flood” source of ?*Co (122 keV) is 
used for the transmission image. Despite its different 
energy the cobalt source was preferred to a tech- 
netium source because of its lighter construction, 
making it easier and safer to handle, and because of 
the greater differential in counts between the an- 
terior emission and transmission images. Because the 
absorption coefficients for the transmission and 
emission sources are not the same (theoretical values 
in water are respectively 0.150 and 0.166 for 99Tcm 
and ®7Co) the single attenuation correction term used 
in the final calculation of activity has itself to be cor- 
rected as outlined in Appendix I. 

The second difficulty, that of estimating organ 
size and depth, has been partially overcome by 
recognizing the relative invariance of the correction 
term as shown in Fig. 1. The term is, in effect, re- 
placed by a single factor based on models of the 
organ size and patient thickness generally en- 
countered. This approach leads to estimates to 
within plus or minus five to ten percent of the abso- 
lute activity. However, in those rare cases where the 
activity is distributed in a few isolated regions 
separated by a relatively large (vertical) distance such 
that the projected anterior and posterior images are 
superimposed, the absence of a correction term can 
lead to overestimation of up to about 20%. 

The third difficulty, the difference between the 
sum of the individual geometric means and the 
geometric mean of the summed counts within the 
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Fic. 2. 


Arrangement of bottles in the water phantom used to ob- 
tain a calibration factor as a function of the source volume 
(68-555 ml), the position of the bottle in the tank (2-22 
cm from the bottom) and the height of water in the tank 


(8-24 cm). 


region of interest, was investigated in two ways. A 
range of count rate distributions simulating an- 
terior and posterior images was modelled on the 
computer and the difference between the two sums 
calculated. In addition, the calculation was per- 
formed on a range of acquired patient images. In 
either case the difference between the sums was of 
the order of a few percent and usually about 195. 


METHODS 

In order to provide calibration factors and to check 
the accuracy of the method under a wide range of 
conditions, circular cylindrical plastic bottles con- 
taining measured amounts of activity were imaged in 
a water bath using an IGE 400T gamma camera and 
an MDS A? computer system. The arrangement is 
shown in Fig. 2. The parameters varied were the 
volume of the source (68-555 ml), the position of the 
centre of the source in the tank (2-12 cm from the 
bottom) and the total height of water in the tank (8- 
24 cm). For each source at each depth and amount of 
water anterior, posterior and transmission images 
were obtained. A 2094 window was used and for the 
Tem calibration, for example, the spectrum 
centred on the Te and 57Co peaks for emission 
and transmission images respectively. The results 
are summarized in Fig. 3 and demonstrate a 2-697, 
variation in cps/uCi over the range of parameters 
examined. The calibration factor found above 


calibration 

factor, K Ih 
| 

cps/ uCi 








500 600 


300 400 
volume (mi) 


0 100 20 


Fic. 3. 


Variations of the corrected count rate obtained per aCi in the 
source plotted against the volume of the source. The count 
rate was calculated from equation (2) in the text. Curves 
are fitted to the count rates averaged over all measured 
positions of the source at a particular height of water. 


applies only to a particular parallel hole collimator, 
isotope and energy setting. However, calibration 
factors for other conditions may be determined with 
fewer measurements since the first experiment 
demonstrates the relative invariance of the par- 
ameters examined. 

The acquisition protocol adopted was as follows. 
After the patient was administered a previously cali- 
brated amount of activity, positioned on the Perspex 
top couch and the camera face adjusted into a hori- 
zontal plane using a spirit level: 

(1) an anterior view (a) was acquired by the com- 
puter with an energy window of 20°, and at the 
photopeak of the emission source (e.g. at 140 keV 
for 99cm) corresponding to an absorption co- 
efficient ue; 

(ii) another anterior view (6) was acquired at the 
transmission source photopeak setting (e.g. at 120 
keV for 9?7Co) corresponding to an absorption 
coefhcient mt; 

(i1) without the patient having been moved or the 
analyser repeaked the flood source was placed on 
the support and a transmission image (c) ob- 
tained; 

(iv) the camera was moved on its rails past the couch, 
rotated to point upwards and checked with a spirit 
level, moved back to the previous set position and 
a posterior image (d) obtained at the emission 
photo-peak setting; 
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Fic, 4a, 


Emission image of liver and spleen following the injection of 
Tem in labelled sulphur colloid. Regions of interest outline 
the two organs. 


(v) at the end of the procedure a flood picture (e) 
without the patient in position was obtained by 
placing the disc source on the support and viewing 
it through the couch. 

After the acquisition had been completed in the 
sequence described above, the computer processing 
of the data is carried out as follows: 

(1) the images are checked for general alignment; 

(2) the emission-image (5) is subtracted from the 
emission/transmission image (c) to obtain a bare 
transmission image relatively uncontaminated by 
spillover from the other source; 

(3) an irregular region of interest is drawn on the 
anterior image (a), and transferred to the posterior 
image (d), to the difference image (c)-(^) and to the 
flood image (e). The counts within the region in 
each of these four images are noted as Na, Np, Ni, 
Nç respectively and the absolute activity, A, in the 
region calculated from 


A—K.(Na. Np) .(N/Noi.rtre, . . (2) 


where K is the calibration factor found as above. 

If the camera/computer system allows dual isotope 
acquisition the method may be simplified and the 
procedure shortened by carrying out the steps (1) and 
(11) simultaneously. 


CLINICAL STUDIES 
Three types of clinical study are used to illustrate 
this paper: a colloid liver/spleen scan (Fig. 4), a lung 
perfusion scan and a whole body scan following the 
left ventricular injection of 99'T'em-labelled micro- 
spheres (Fig. 5). 





Fic. 4B. 


Transmission plus emission scan of same organs using ?*Co 
disc source. 


The reticulo-endothelial study of liver and spleen 
was performed using approximately 37 mBq (1 
mCi) 9°Tc™-labelled sulphur colloid injected intra- 
venously, quantitative scanning being performed 30 
min after routine views had been obtained. Lung 
perfusion scans were also performed using 37 mBq 
(1 mCi) Tc™-labelled human serum albumin 
macroaggregates. A quantitation was again per- 
formed approximately 30 min following the injec- 
tion. The whole-body scans to show the distribution 
of cardiac output were performed 15-30 min after 
the injection of 4 x 106 human serum albumin micro- 
spheres labelled with 370 mBq (10 mCi) *Tc™. 
These were injected into the left ventricular cavity 
during angiography. 

In the case of the liver/spleen scan and lung scans 
the relevant organs could be contained in one view. 
Where whole-body scanning was required, two 
methods of acquiring data from patients have been 
used; whole-body imaging using the single-pass 
linear scanning facility of the camera, and acqui- 
sition of a series of individual images at four to five 
adjacent positions along the body. 

Data showing calculated organ activity compared 
with injected activity on six patients is given in Table 
II. It can be seen that for the lungs the mean cal- 
culated retained dose in the two patients was 99% of 
the net injected activity. In the case of colloid scans 
the mean liver retention was 69% and splenic 
activity 7.5%. For the whole body scans total re- 
tained activity could be obtained from a summation 
of the sequences referred to above and showed a 
mean value for the five patients of 94%. 
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CONCLUSION the distributions of radionuclide and assumptions of 

\ simplified method of measuring, 1n quantitative linear abso ption coefficients are not require d Only 
terms, the uptake of activity in the whole body or — basic region-of-interest readings are made using the 
individual organs using a camera/computer system computer and no extra programming ts therefore in- 
has been described. Knowledge of the geometrv of volved. The method requires four, approximately 





\ biG n 
(A) Whole-body image showing distribution of cardiac output recorded by ""Te-]abelled microspheres injected into the 
left ventricle. The three areas of acti itv in the right leg are due to activity deposit d during withdrawal of catheter. 
(B) l'ransmissior plus emission image oi ime patient 
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TABLE H 
RESULTS OF QUANTITATING ACTIVITY IN VARIOUS ORGANS 





Patient no. 


Organ (and scan finding) 


Liver (normal scan) 1 
9 
3 
Liver (enlarged liver, poor uptake) 1 
2 
Liver (area of replacement) 1 
2 
Lung (rormal scan) 1 
2 
Whole body 1 
2 
3 
4 
3 





one- to two-minute, views of the patient including 
images acquired at the appropriate energy channel 
with and without a transmission source. 

Phantom studies to assess the accuracy of the 
method for a variety of source distributions and 
distribution volumes indicated an accuracy of about 
-~ -695 when a general calibration factor was em- 
ployed, though this might be improved for specific 
organs. 

Representative clinical studies are presented to 
demonstrate that all the measured administered ac- 
tivity may be accounted for. 


APPENDIX I 
Correction for the difference in absorption coefficients for the 
transmission and emission sources 
If Co ett; and Co ese; b where Ci, Co are the counts 
found in the region of interest of the image for transmission 
and emission source respectively having absorption coef- 
ficients pn pe, and L is the total thickness of the body, then 


logC'e/logCi- ue/ut. 


Since errors in the ratio of the two u's are, in practice, smal- 
ler than in the values of the ws themselves, errors in the 
above attenuation calculation. are probably smaller than 
when u alone is used in an e". correction term. The value of 
tet for ?*Co and *"T'c" was measured as 1.04. The factor 
N Nr in equation (2) was therefore raised to the power of 


9'T'e sulphur colloid 


WPT em sulphur colloid 


Tem sulphur colloid 


Tem MAA 


Tem microspheres 


Radiopharmaceutical Percentage of injected activity 
7% spleen 
955 spleen 
7% spleen 
894 spleen 


70%, liver 
60°. liver 
58%, liver 
68°, liver 


3894 liver 
40°, liver 


19°% spleen 
18%, spleen 


10%, spleen 
10%, spleen 


51% liver 


5094 liver 


95%, lung 
103%, lung 


11425 whole body 
9655 whole body 
8495 whole body 
79%, whole body 
9895 whole body 


Leere 


0.48 rather than 0,5 if a transmission source of the same 
energy were used. 
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ABSTRACT 

A computer-controlled tracking cobalt unit (CC'TCU) was 
commissioned for treating patients in January 1980. The 
system has proved to be reliable and acceptable in routine use 
for conventional and conformation therapy. The system com- 
prises a modified TEM MS90 Mobaltron, a Hewlett-Packard 
System 1000 Model 30 mini-computer and user program- 
mes. Tracking techniques are suitable for the treatment of 
tumours of the oesophagus, thyroid, bronchus, chains of 
lymph nodes or medulloblastoma. Tumours 85 cm long can 
be treated at the isocentre. The high dose volume may be 
considerably reduced when tracking techniques are used 
instead of conventional techniques. 

The major obstacle to the routine use of conformation 
therapy is treatment planning. Work in progress is designed 
to produce a computerized planning system linking a CT 
scanner and the CCTCU. It is expected that the system will 
produce both a plan optimized in 3-D and the necessary 
control data in machine readable form within an hour of a 
patient being scanned. The present planning system is based 
on a Rad-8 planning system and an Alderson phantom to 
verify the dose distribution in 3-D. An outline of the 
tracking technique is given. The computer control system is 
described briefly, with its method of use for treating patients. 
Brief reference is made to work at other centres using con- 
formation therapy. 


Conformation therapy is a term used to describe 
radiotherapy treatments 1n which the high dose vol- 
ume is shaped to fit the target volume in three 
dimensions. This very desirable aim cannot be 
achieved using standard radiotherapy techniques. A 
tumour which is extensive, irregularly shaped or 
awkwardly orientated in the body, when treated by 
conventional techniques often has to be enclosed 
within an irradiated volume much larger than the 
tumour itself. Nevertheless, the importance of 
minimizing the volume of tissue irradiated to tumour 
dose levels is well recognized. A reduction in the 
irradiated volume reduces integral dose, improves 
the protection of sensitive organs adjacent to the 
target volume and also permits the tumour dose to be 
increased to a degree which may be clinically 
significant. A number of formulae have been devised 
which attempt to relate the tolerance dose with the 
treated volume (Lowry, 1973; Umegaki, 1980). 

A computer-controlled tracking cobalt unit 
(CCTCU) was commissioned for treating patients in 
January 1980, The unit is used for a wide variety of 
treatment techniques under computer control. The 


most important use of the machine is the perfor- 
mance of conformation therapy using tracking 
techniques. Isodose measurements made in an 
Alderson phantom, using TLD and film, demon- 
strate considerable reductions in the high dose vol- 
ume when conformation techniques are used instead 
of conventional techniques (Davy, 1979). The 
machine's ability to carry out multi-fixed-field 
treatments automatically is an additional useful and 
routinely used facility. It will be readily appreciated 
that in many tumour sites a high degree of con- 
formity can be achieved by relatively simple tech- 
niques which do not involve the longitudinal tracking 
movement. For example, if it is necessary to treat a 
target volume of uniform elliptical cross-section 
having its axis inclined to the gantry rotation axis, 
this can be treated by a fixed field or arcing technique 
in which the beam width and collimator angle are 
automatically adjusted with the gantry angle. Addi- 
tionally, the exposure time or gantry rotation speed 
may be varied with gantry angle to give any required 
weighting. 

The CCTCU is the third of a series of machines 
designed to carry out tracking treatments. The first 
unit was based on a Marconi 250 kV arc therapy unit 
(Green et al., 1960), while the second was a TEM 
Mobaltron 100 adapted for control by an analogue 
system (Jennings, 1965; Davy et al, 1975). The 
CCTCU is a computer-controlled unit based on a 
TEM MS90 Mobaltron. The design, computer 
control system and applications of this machine have 
been described previously (Davy and Brace, 1979; 
Davy, 1979; Brace, 1979; Brace et al, 1981). 
although this latest machine makes use of the same 
cobalt machine parameters to control the dose 
distribution as did the analogue controlled machine, 
the machine control system itself is much more 
versatile and easier to use, and possesses many 
safety features. In the old machine, the programme 
was stored in analogue form on two plates which 
advanced in synchrony with the treatment couch, 
and the couch therefore had to progress in order to 
change the value of certain parameters. In the new 
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unit, the values are changed with time, thus confer- 
ring great flexibility on the control system. This 
permits use of the machine under computer control 
for both tracking and conventional treatments. When 
the machine is used for conventional techniques, the 
patient is set up once only, and the machine proceeds 
automatically to treat a succession of fixed fields. 


CONFORMATION THERAPY TECHNIQUES 

Conventional treatments are almost invariably 
planned and executed in a single plane, usually a 
transverse body plane. This, together with the 
limitations imposed by beams of rectangular cross 
sections, makes it difficult to shape the treated 
volume in three dimensions. The cross-section of the 
treated volume is usually constant along the tumour 
axis unless very complicated shielding arrangements 
are used or the tumour is divided into a number of 
short contiguous volumes treated separately. The 
latter method is not practical because of the risk of 
over- or under-dosing the interface regions. 

A number of techniques have been devised to 
obtain conformation therapy. Proimus (1960; 1963; 
1980), Trump et al. (1961) and Takahashi (1964) 
have used synchronous shielding and beam shaping 
devices. Umegaki (1971), Perry et al. (1979) and 
Matsuda (1980) have described machines using 
multi-segment collimators enabling the beam cross- 
section to be altered continuously. 

At the Royal Free Hospital, tracking techniques 
developed from the original ideas of Green ef al. 
(1960) are in use for treating patients. This work 
parallels to some extent work at other centres using 
linear accelerators (Levene et al., 1978; Chung-bin 
et al., 1979). 


PRINCIPLE OF THE TRACKING TECHNIQUE 

There are two types of tracking technique, the first 
combining an arcing technique with a moving table 
technique, and the second combining a number of 
fixed fields with a moving table technique. In the 
first type, the patient is passed slowly through the 
plane of rotation of the radiation source while the 
cobalt head arcs continuously. The couch supporting 
the patient is moved vertically and laterally as it 
advances so that, in effect, the isocentre of the 
machine “tracks” along a predetermined path within 
the patient. The shape, size and orientation of the 
treated zone in each body section are determined by 
a combination of varying beam size, arcing angle 
and arcing speed. The position of the high dose zone 
within the body contour is determined by the 
vertical and lateral movements of the couch. The 
dose delivered to any point in the treated volume 
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How the various parameters control the distribution of 
radiation in the patient. 


depends on the time during which it is within the 
radiation beam and is controlled by a combination of 
the speed and the beam size in the direction of 
tracking. Figure 1 shows how the various parameters 
control the distribution of radiation in the patient, 

In the second type of treatment the patient is 
passed through a number of stationary beams, each 
beam being set to a precalculated angle of entry into 
the patient. The beam size may be adjusted auto- 
matically according to the tumour projection for the 
body section within the beam. This process is 
repeated for as many beams as prescribed. Treat- 
ment of the spine may only require the application 
of one beam. 

Once the patient has been positioned on the treat- 
ment couch the whole treatment is carried out 
automatically under computer control as described 
in detail later. 


THE Rovar FREE HOSPITAL COMPUTERIZED 
"TREATMENT SYSTEM 

The treatment system comprises: 

(a) a TEM Mobaltron MS90 modified for computer 
control; 

(b) a Hewlett Packard system 1000 Model 30 mini- 
computer with peripherals; 

(c) asuite of user programmes; 

(d) aset of operating and test procedures. 

The MS90 telecobalt unit operates at 90 cm 
source-axis distance and has a geometric field size of 
45 x 45 cm at the isocentre. A pneumatically oper- 
ated source wheel rotates through 95° to expose the 
source, the strength of which may be up to 10000 
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rhm. The isocentre is 126 cm above the floor which 
permits a 360° rotation of the head without the need 
for floor pits or depressions. An isocentric treatment 
couch similar to that used on the Ximatron treat- 
ment simulator has been adapted for use with this 
installation. 

Two modifications have been made to the standard 
M590 in order to adapt it to computer control. 
Firstly, drives for lateral and longitudinal couch 
movements were added; both the rate and position 
of the longitudinal motion can also be controlled. 
Secondly, a computer interface was incorporated. 
Ten parameters are under computer control, viz, 
shutter, collimator X, collimator Y, collimator 
rotation, gantry rotation, head rotation, couch height, 
couch lateral movement, couch longitudinal move- 
ment and floor rotation. The gantry rotation and 
couch longitudinal movements are controlled either 
to a set speed or to a set position. The range and 
resolution of the parameters under computer control 
are shown in Table I. The computer also reads the 
values of these ten parameters, the number of the 
filters inserted and the angle of rotation of the couch 
top about the supporting arm. At present a Hewlett 
Packard System 1000 Model 30 mini-computer 
controls the unit but any similar mini-computer 
could be used. However, now that the software 
development of the machine control programme has 
been completed, the mini-computer could be re- 
placed by a micro-computer. 

The CCTCU is controlled by a series of instruc- 
tion groups or control vectors, each of which 
describes the next desired position, speed and shutter 
state. À computer programme reads each control 
vector from a disc file and translates it into a series of 
"words" which are then sent to the cobalt unit. 
Having issued the “move” instructions, the com- 
puter monitors the position and state of the cobalt 


unit every tenth of a second, thus checking when a 
set of instructions has been obeyed and also detecting 
any malfunction of drive which might necessitate 
terminating the treatment, 

During commissioning, two modifications were 
found to be needed to achieve satisfactory control of 
dose levels and distribution. Firstly, since the dose 
is inversely proportional to the couch speed, this 
speed needs to be controlled very accurately. This 
was achieved by modifying the speed setting every 
second, the modification being based on the effective 
speed up to that point and on the distance and time 
remaining. Secondly, in order to achieve a sharp 
cut-off of dose at the beginning and end of the treat- 
ment the collimator must open and close at a rate 
proportional to the couch speed. This requirement 
was met by switching the collimator drive on and off 
according to the longitudinal position of the couch. 
Thus the collimator aperture is changed in small 
steps, Łe., at a simulated speed. 


TREATMENT PLANNING FOR THE TRACKING 
TECHNIQUE 

Since the aim is to match the high dose volume to 
the target volume in three dimensions, it is necessary 
to obtain data such as body outline, target volume 
and position of sensitive structures and inhomo- 
geities, in three dimensions. Ideally this will come 
from a CT scanner or simulator with a tomographic 
facility, since both the CT images and the positional 
information can be obtained in a form suitable for 
planning purposes. For the treatment machine, the 
vertical and lateral displacements are specified rela- 
tive to a pair of intersecting horizontal and vertical 
reference planes whose line of intersection runs 
parallel to the long axis of the patient and the gantry 
rotation axis. These planes are selected to coincide 
with the vertical and horizontal planes passing 


TABLE I 
THE RANGE AND RESOLUTION OF THE THERAPY UNIT PARAMETERS WHICH ARE UNDER COMPUTER CONTROL 





Couch longitudinal speed 
Gantry arm speed 
Shutter 


-20.0 to 20.0 cm/min 
~ 360.0 to 360.0 deg/min 
Open closed 


0.0784 om /min 
1.4117 deg/min 


Parameter Rang Resolution 
Collimator X 4.0 to 44.0 cm | 0.1 cm 
Collimator Y 4.0to 44.0 cm | 0.1 cm 
Collimator rotation = 100.0 to 100.0° 0.4^ 
Gantry rotation Continuous | 0.4° 
Couch top longitudinal 0.0 to 85.0 cm | 0.1 cm 
Couch top lateral — | 1 — 20.0to 20.0 cm | 0.1 cm 
Couch height — — 1 1| | — 51.0to  1.0cm | 0.1 cm 
Couch floor rotation ~~ 100.0 to 100.0 | 04° 
Head rotation -177.0 to 177,07 | 0.4^ 
i 
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normally through the aperture of the CT scanner or 
simulator. Appropriate reference lines can be marked 
on the patient using the scanner positioning lights. 
These lines are then used by the treatment radi- 
ographers to position the patient on the treatment 
couch. It should be noted that all displacements are 
specified relative to the arbitrary reference planes in 
the patient. The computer will automatically make 
any corrections necessary to allow for the actual 
position of the patient on the treatment couch, so it 
is not necessary to place the patient in exactly the 
same position on the treatment couch each day. In 
addition, an arbitrary cross-section is also selected and 
marked on the patient and axial displacements will 
always be specified from this section. 

Once the patient has been scanned in the treat- 
ment position, the target volume together with any 
other regions of interest such as sensitive structures, 
is marked on as many cross-sections as required. 
This information ts then transferred to the treatment 
planner, together with prescription details such as 
the dose required and the fractionation schedule, 
and, with the optimization criteria (which may be 
regarded as a part of the prescription), is then used 
by the treatment planner or dosimetrist to calculate a 
set of treatment machine parameters which will 
produce an acceptable treatment. 

At present treatments are planned using a mixture 
of manual and computer techniques. The ten para- 
meters under computer control can be split up into 
three groups, each of which has a controlling 
influence on a different aspect of the final dose 
distribution. This is illustrated in Fig.l. The value 
of those parameters required to produce the pre- 
scribed shape and size of the irradiated zone in each 
body contour can be found using a conventional 
treatment planning system such as a Rad-8 or an 
Emiplan-2. The necessary vertical and lateral couch 
displacements for each cross-section can also be 
found from the same plans, together with the tissue— 
air ratios which will be used to calculate the tracking 
speeds. Any treatment beam used must cover the 
tumour over the whole length of the beam and 
therefore the target volume entered into the plan- 
ning computer should be a composite of all the 
sections being included within the length of the 
beam. (It will be appreciated that the ability of the 
CT scanner to provide reconstructed coronal and 
sagittal images is extremely convenient for this 
purpose). 

The question of the dose calculation at any point 
in the treatment volume is rather more difficult since 
this involves the integration of the dose contributions 
from a large number of beams, for each of which it is 


necessary to know the dose profile over the whole 
length of the track. At present most planning 
systems confine the beam data to within a very short 
distance from the edge of the "useful" beam. 
Significant errors can occur during the integration 
if the long “‘tail” of the beam profile is neglected. 


Optimization of the treatment plan 

To deliver the prescribed dose to the tumour, a 
suitable combination of beam length and longitudi- 
nal couch speed must be found. The beam length is 
usually found first, since this depends on the tumour 
geometry. If the tumour is very irregular in cross- 
section and position in the body outline, then a short 
beam length will be needed to achieve a satisfactory 
degree of fit between the target volume and the 
tumour volume. This is likely to lead to protracted 
treatment times. If there is only a small variation in 
outline and position along the track, a longer beam 
length can be used, with a reduction in treatment 
time. Once the beam lengths have been chosen 
the tracking speeds can be calculated. In essence, an 
effective beam length Xe is calculated from a 
knowledge of the beam dose profile length. It is 
assumed initially that the dose received at a point P 
is influenced only by the T'AR of the cross-section in 
which it is contained and not by the TAR of adjacent 
or distal sections. The TAR is therefore calculated 
for the cross-section containing P using a conven- 
tional computer planning system. The dose Dp 
received at point P is then given by: 


Dy — Dair . TAR .t 
edis . TAR . Xel 


where Dair is the in-air dose rate at the isocentre and 
t is the time taken for the point to pass through the 
beam, this being calculated from the effective beam 
length Xe and the tracking speed r, i.e. the speed of 
longitudinal couch movement. In fact, the effective 
beam length depends to a limited extent on the 
thickness of the overlying tissue and allowances must 
be made for this. 

It will be appreciated that when the appropriate 
treatment parameters are found using a Rad-5 
planning system the dose distribution is assumed to 
be unaffected by what happened to the neighbouring 
sections. This is substantially true, but when the 
final assessment of the dose distribution over the 
whole treatment volume is taken into account, due 
regard must be paid to the various cross-contribu- 
tions and any necessary modifications made to the 
treatment programme to achieve the required dose 
distribution. A special programme is used to inte- 
grate the dose along the locus of the isocentre. 
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Preparation of patient treatment control file 

À special suite of programmes is used to produce 
a treatment file for each patient. T'his consists of a 
number of control vectors (typically 15 to 20 for a 
simple treatment) along with identification details of 
the patient, a summary of the treatment prescription, 
and brief details of the setting-up instructions for the 
radiographers. Each patient can have up to ten 
different treatment files to allow for changes in the 
treatment prescription made during the course of 
treatment. These treatment data are entered into the 
control programme by the treatment planner through 
a keyboard. 


Verification of the treatment file 

At this stage of the project it 1s still necessary to 
confirm by measurements in a phantom that the final 
dose distribution will be as expected. With complex 
treatment techniques it is essential that the dose 
calculations make a proper estimate of the contribu- 
tions from all the beams, even though the contri- 
bution from some beams will be small and mainly 
due to scatter and leakage. It is also necessary to 
ensure that the treatment planner has correctly 
translated the treatment plan into the appropriate 
machine control data, and that these have then been 
accurately entered into the machine control pro- 
gramme through the keyboard. The phantom 
measurements also serve to demonstrate that the 
setting-up instructions are correct, and that the 
irradiated volume will be correctly placed within the 
phantom and patient. The usual procedure is first to 
carry out a dummy run without the phantom, to 
confirm that all the machine operations are as 
expected. The machine is observed closely through- 
out the test run. In addition, the computer monitors 
and logs all the machine operations and these are 
printed out for checking by the treatment planning 
physicist or computer scientist. Any necessary modi- 
fications or corrections are made and the programme 
is run again with the phantom loaded with film 
and TLD to measure the dose distributions. If 
required, runs can be carried out with the phantom 
in position but with the radiation shutter remaining 
closed. 

An Alderson “Rando” phantom (Alderson et al., 
1962) loaded with film and TLD is used to measure 
the dose distributions as described by Davy et al. 
(1975). Essentially, the film gives the dose distri- 
bution while the TLD gives the dose levels. In effect 
the TLD is used to calibrate the film adjacent to it. 
It will be appreciated that the whole process, from 
obtaining the diagnostic and tumour localization 
information to producing an approved treatment 


programme is laborious and can take up to two 
weeks if performed manually. 


‘Test PROCEDURES 
Each morning a special test programme is run by 
the radiographers to check that the machine is 
working properly. The programme tests all the 
machine parameters which are under computer 
control. Only if the test programme ts satisfactorily 
carried out can treatments proceed. 


‘TREATMENT PROCEDURE 

The radiographer first enters the name of the 
patient at the computer terminal on the cobalt unit 
console. The full patient identification details are 
then displayed on the terminal and the radiographer 
must confirm that these are correct before the treat- 
ment can proceed. The treatment schedule is 
recorded in the patient's treatment file, for example, 
that treatment is due on that particular day. A 
warning will be displayed if any discrepancies are 
detected and the treatment will be inhibited. These 
warnings can only be overridden by producing a new 
treatment file incorporating the new requirements if 
it has been decided to change the total dose or the 
fractionation. Once it is confirmed that treatment is 
to proceed, the computer displays the setting-up 
details at the treatment console and on a monitor 
inside the treatment room. These details include 
such things as the required patient position (prone or 
supine), orientation with respect to the gantry, the 
permitted range of couch positions, and details of 
any filters or compensators required. The radi- 
ographer then positions the patient on the couch for 
treatment in exactly the same way as for other treat- 
ment machines and the computer will make any 
necessary corrections for the actual couch position. 
The CCTCU is switched from manual to computer 
control and the "start" button pressed. The treat- 
ment will then be carried out automatically in 
accordance with the control vectors in the patient's 
treatment file. Usually treatment will proceed with- 
out interruption until it has been completed. The 
unit remains under the control of the radiographer 
and may be halted at any time by pressing the 
"treatment stop" button. When this is done the 
computer will immediately close the shutter and 
stop all movements. The machine control pro- 
gramme is written in such a way that the radiogra- 
pher can then take any of the following courses of 
action appropriate to the circumstances: 
(1) The interrupted treatment may be resumed 

immediately ; 
(2) The radiographer can enter the treatment room to 
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reposition the patient and give any other attention 
required before resuming treatment; 

(3) The treatment can be postponed and the balance 
of the treatment session given later; 

(4) The outstanding part of the treatment session can 
be cancelled. 


CLINICAL INDICATIONS FOR CONFORMATION T'HERAPY 

In addition to its superiority over conventional 
fixed field techniques in the treatment of tumours 
which are irregular in shape, awkwardly orientated or 
tortuous, the CCTU is also able to treat long 
volumes, e.g., medulloblastoma, at the normal SSD 
since the length treated is limited only by the extent 
of the longitudinal couch movement. 

The sites for which the CCT'CU is especially suit- 
able are: 

(1) Tumours in the neck such as carcinoma of the 
thyroid or carcinoma of the upper third of the 
oesophagus, where the disease plunges down into 
the mediastinum at a very sharp angle. In contrast 
to the difficulties posed by the position of the 
shoulders in treating these tumours by current 
methods, there is no problem when using the 
tracking technique; 

(2) gynaecological tumours extending upwards from 
the pelvis to involve the para-aortic chain which 
can, using this system, be treated in continuity to a 
significantly increased dose, which should achieve 
an improvement of the present very poor results; 

(3) medulloblastoma and other such tumours, which 
necessitate irradiation of the hind brain and the 
whole of the spinal axis, can be treated in less time 
and with greater homogeneity of dose than by any 
other technique now available. 

In short, tumours at any site which runs a tortuous 
course and which can now be specifically demarcated 
with the aid of a CT scan are ideally suited for treat- 
ment by this system with a greatly improved 
prospect. 


DISCUSSION 

There is a growing interest in the automation of 
radiotherapy machines and a number of centres have 
developed computer-controlled systems for super- 
voltage machines. The primary object of all these 
developments seems to be the introduction of 
conformation therapy. A valuable by-product is the 
ability to automate conventional treatments, thus 
permitting either an increase in the number of 
patients that may be treated per day or an increase in 
the number of fields per treatment session. Details of 
all treatment given on the unit are recorded by the 
computer. 


The introduction of conformation therapy on a 
routine basis must await the development of com- 
puterized treatment planning systems which can 
optimize complex three dimensional beam con- 
figurations. As Massey (1979) pointed out, there are 
very few treatment planning systems in existence; 
most of the so-called planning systems are really 
dose-charting systems which rely heavily on the 
experience of the treatment planner. To reduce the 
overall time from diagnosis to the production of 
machine-readable control data, it 1s necessary to 
eliminate many of the time-consuming manual 
stages. The aim should be the automatic production 
of an optimized treatment plan and the correspond- 
ing machine control data. It will of course be 
necessary for the clinicians to outline the target 
volume and any sensitive structures in three dimen- 
sions and to prescribe the treatment dose and frac- 
tionation scheme, but there seems no reason why the 
rest of the process should not be successfully auto- 
mated in the near future. It may soon be quite 
practical to prescribe the treatment in terms of 
biological effect and leave the planning system to 
produce the necessary plan. There are a number of 
conformation therapy techniques available for 
photon beams and it remains to be seen which system 
will prove the most practical in the long term. 


CONCLUSION 

The computer-controlled tracking cobalt unit has 
now been in routine use since January 1980. It has 
proved to be a reliable and acceptable system for the 
treatment of patients by both conventional and 
conformation techniques. The tracking technique is 
a very powerful one for controlling the shape of the 
treated volume in three dimensions. The major 
limitation on its use at present is the time required to 
plan and verify the treatment programme. In order 
to make conformation therapy available to all 
patients who might benefit from it, a computerized 
treatment planning system which can optimize dose 
distributions in three dimensions is required. This 
system must make accurate dose calculations for 
complex beam configurations, some of which will 
make only small contributions due mainly to leakage 
and scatter. 

Work in progress at this hospital is designed to 
exploit the advantages of the CT scanner and the 
tracking technique. It is anticipated that a true 
treatment planning system will emerge which will 
link the two systems, so that the necessary machine 
control data will be available within an hour of the 
patient being scanned in the treatment position and 
the clinician outlining the target volume in three 
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dimensions. Ít is expected that by this time a dose 
computation system will obviate the need for phan- 
tom measurements before treatment. The treatment 
techniques and planning procedures will be suitable 
for use with cobalt units or linear accelerators. 
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ferred method of treatment the reader is left well informed 
and in a position to make his own decisions which can be 
changed later in the light of future research. 

There is a good chapter on cancer in pregnancy which dis- 
cusses breast cancer, leukaemia, Hodgkin's disease, mela- 
noma and bone tumours. The weakest chapter is on tumours 
of the breast and here the authors lose their clear authority, 
especially when writing about the treatment of breast cancer. 
The role of radiotherapy, for instance, 1s barely touched 
upon, although the value of adiuvant chemotherapy for early 
breast cancer is discussed, the importance of involving these 
patients in clinical trials is not mentioned. The book would 
be better without this chapter. 

In summary, this is a well written, well illustrated and well 
produced textbook. It is easy to read and easy to understand 
and a useful book of reference on the clinical aspects of 
gvnaecological cancer. 

"THELMA D. Bares. 
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ABSTRACT 

The development of “metastatic” colonies of fibrosarcoma 
in the lungs of mice after IV injection of a single-cell 
suspension of tumour cells varied with time after irradiation 
or administration of bleomycin. Most notably, there was a 
late radtation-induced enhancement of colony-forming 
efficiency that coincided with an increase in lung weight and 
hydroxyproline content and a decrease in compliance. There 
was no radiation-induced enhancement of “spontaneous” 
metastases from a mammary carcinorna implanted in the 
thighs of the animals. The sequence of events after admini- 
stration of bleomycin was similar to that after irradiation, 
but the duration of the treatment was different and the 
temporal relationship between enhanced colony-forming 
efficiency and changes in lung weight and hydroxyproline 
content was not as clear cut. 


Increased formation of metastases after IV injection 
of tumour cells has been described after lung irradi- 
ation (Brown, 1973; Dao and Yogo, 1967; Peters, 
1974; Van Den Brenk ef al, 1973; Withers and 
Milas, 1973) and after treatment with chemotherapy 
(Peters and Mason, 1977; Van Putten et al., 1975). 
The effect is usually considered to be transient, 
although ‘Thompson (1974) showed it existed 34 and 
94 months after irradiation, 

The purpose of our experiments was to study the 
changes in the efficiency of FSa colony formation in 
the lungs with time after irradiation or treatment 
with bleomycin (Adamson and Bowden, 1974; Luna 
et al., 1972; Umezawa et al., 1966) and to correlate 
these changes with quantifiable pulmonary sequels 
of the treatment. 


MATERIALS AND METHODS 

Mice. 'Fhree-month-old male mice, CaHf/Bu, from 

our specific pathogen-free mouse colony were used 
ip all experiments. 

Irradiation. Anaesthetized (Nembutal, 60 mg/kg) 


*Present address: Department of Radiotherapy, 5t. Joseph's 
Hospital, 1835 Franklin, Denver, Colorado 80218. 
TPresent address: Section of Experimenta! 
Oncology, UCLA Los Angeles, California 90024, 
[Present address: McGregor Medical Clinic, 8100 Green- 
briar Street, Houston, Texas. 


Radiation 
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mice were given a single dose of 1000 or 1200 cGy 
(rad) to the whole thorax using a dual source 137Cs 
machine with a field size of 3.0 cm diameter and a 
dose rate of 1010 cGy/min. In additional experi- 
ments, different doses were used for dose response. 
curves. 

Bleomycin treatment. Groups of seven mice were 
injected with bleomycin (Blenoxane, Bristol, 15 
mg/kg) subcutaneously twice weekly for seven 
weeks. At two week intervals, starting from the sixth 
week after the first injection, animals were killed and 
subjected to the studies described below. 

Determination of lung compliance. Following IP 
anaesthesia with sodium pentobarbital (60 mg/kg), 
the animals were killed by severing the left renal 
artery at its origin from the abdominal aorta. A 
possible effect of agonal breathing on lung physio- 
logical measurements was prevented by opening the 
thorax to collapse the lungs. After securing a plastic 
endotracheal tube in a preformed tracheostomy, the 
whole thorax with the related internal organs 
(Gruenwald, 1964) was excised and hung on a device 
for measuring the pressure-volume (p-v) relation- 
ship, using the method described by Avery et al. 
(1959). Pressure-volume (p-v) readings were taken 
from the deflation limb and calculations included the 
dead space. Absolute values of compliance varied 
from group to group depending on factors such as 
age of the animal; accordingly, each experiment had 
its own control group and intercomparisons were not 
made between groups. When measurement of com- 
pliance was complete, the lungs were excised, the 
lobes separated, the bronchi removed, and the lobes 
blotted dry and weighed. 

Estimation of hydroxyproline. Hydroxyproline con- 
tent was used as a measure of collagen accumulation. 
The weighed lung lobes were minced and hydrolysed 
in 6N HCl at 110°C for 16-18 hours. One hundred 
milligrams of wet tissue were hydrolysed in 1 ml of 
6N HCI. The hydrolysate was clarified by means of 
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Norit Decolorizing charcoal. The filtered solution 
was neutralized and diluted to give a final concen- 
tration of 5-10 ug hydroxyproline per ml. 

The hydroxyproline content was estimated once 
or twice in each sample using the method of Newman 
and Logan (1950). For each set of analyses, a stan- 
dard curve was constructed using a range of dilutions 
of a standard solution of pure hydroxyproline. 

Assay of development of metastases. The tumour 
used is the fourth generation of a methylcholantrane- 
induced fibrosarcoma (FSa). A single-cell suspension 
of FSa cells was prepared as described previously 
(Milas et al, 1974). Groups of mice which had 
completed their seven-week course of bleomycin (15 
mg/kg per injection) or had been irradiated to the 
chest at various intervals beforehand received 5 x 104 
FSa cells by injection into the tail vein. Fourteen 
days later the animals were killed, their lungs excised 
and fixed in Bouin's solution, and the number of 
metastases on the pleural surfaces counted. 

Spontaneous formation of metastases in the lungs. 
The tumour used was the seventh-generation trans- 
plant of a tumour originally found outside the 
irradiated cervical area of a C3H female which had 
received 2100 cGy of y rays 26 months earlier. 
Histologically, the tumour is an undifferentiated 
mammary carcinoma designated MCa-K. Approxi- 
mately 5x105 viable cells in 0.01 ml of medium 
were transplanted IM into the right hind legs of 
animals that had received a dose of 1200 cGy of y 
rays to the chest 13, 48, 76, 110 or 143 days earlier. 
When the resulting tumours reached a mean dia- 
meter of 10 mm (16-20 days after inoculation), they 
were exposed to a dose of y radiation (6000 cGy) 
sufficient to achieve almost 10095 probability of 
control (Dubravsky et al., 1978). Twenty-eight days 
later the animals were killed, the lungs weighed and 
fixed in Bouin’s solution and the metastases on the 
pleural surfaces counted. 


RESULTS 

Lung weight, OH-proline, compliance, and forma- 
tion of metastases after irradiation. The fluctuations 
in lung colony-forming efficiency as a function of the 
time between irradiation with 1200 cGy and the IV 
inoculation of 5 x 104 fibroscaroma cells is shown in 
Fig. 1. A second group of mice pre-irradiated with 
1200 cGy to the chest was given an additional dose of 
300 cGy to the chest 24 hours before the IV inocu- 
lation of FSa cells. 

Also shown in Fig. 1 are the changes that develop 
in lung weight, hydroxyproline content, and com- 
pliance. In these experiments, 1200 cGy were given to 
different groups of mice at monthly intervals, and 


then all animals were killed on the same day. Thus, 
an effect on the various end points of aging was not 
accounted for. While there is no correlation between 
the early (24 hour) increase in lung colony-forming 
efficiency (LCFE) and lung weight, compliance, or 
hydroxyproline content, the second peak of LCFE at 
120 days coincides with an increase in lung weight 
and accumulation of hydroxyproline and a decrease 
in compliance. At 159 days, when there is a decrease 
in LCFE, there is also a decrease in lung weight and 
an increase in compliance, but no change in the 
hydroxyproline content, indicating that changes in 
hydroxyproline content per se and LCFE are not 
necessarily correlated. It is also demonstrated that an 
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Fic. 1. 
Changes in lung weight, hydroxyproline content, compliance 
and number of lung metastases at different times after a 
single dose of 1200 cGy (rad) delivered to the chest. A 
different group of animals was irradiated with an additional 
300 cGy 24 hours before injection of FSa cells (upper 
section). (Bars: SEM). 
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additional small dose of 300 cGy caused a significant 
increase in the number of FSa lung metastases at all 
times tested. In another experiment, all mice were 
irradiated on the same day with 1000 cGy and groups 
of them, as well as controls, were killed at monthly 
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Lung weight and total hydroxyproline in the lungs of mice 
at different times after a single dose of 1000 cGy (rad) 
delivered to the chest. (Bars: SEM). 
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Correlation between radiation dose and lung weight, 
compliance and hydroxyproline content 150 days after 
irradiation. (Bars: SEM). 


intervals after exposure. The results of this experi- 
ment, which accounts for aging, are shown in 
Fig. 2. A comparison of Figs. 1 and 2 shows that 
although there is an increase in lung weight and 
hydroxyproline content with age this does not affect 
the conclusions to be drawn from the data shown in 
Fig. 1. 

The dose-response relationship for increase in 
lung weights, hydroxyproline content, and com- 
pliance 150 days after irradiation is shown in Fig. 3. 
While there is little change in any parameter at doses 
less than 900 cGy, at doses of between 900 and 1300 
cGy there are concomitant increases in weight and 
hydroxyproline content and a decrease in com- 
pliance. At higher doses, most of the animals died in 
less than 150 days, the LDso being 1320--28 cGy 
(Table I). 

The dose-response relationship for increase in 
LCFE 24 hours and 105 days after irradiation is 
shown in Fig. 4. The LCFE 24 hours after irradia- 
tion is increased by lower doses than 1s the LCFE at 
105 days (200 vs. 500 cGy), but the rate of increase 
with increasing dose is less at 24 hours after irradia- 
tion. 

The effect of bleomycin on lung weight, hydroxypro- 
line content, compliance, and mortality. Injection of 
bleomycin, 15 mg/kg twice weekly for seven weeks, 
caused an increase in lung weight that was greatest 
seven days after the end of treatment (Fig. 5). The 
weight decreased over the next 14 days and plateaued 
above controls. At about 50 days it showed a second 
increase, At the time lung weight was maximally 
increased, body weight was decreased by an average 
of 1095. The hydroxyproline content showed a 
moderate early increase, but the main accumulation 
became evident at 49 days and showed a further 
increase at 63 days when the experiment was termi- 
nated. Since lung weight had decreased by this time, 


TABLE I 
MEAN SURVIVAL TIME (DAYS) OF CHEST-IRRADIATED ANIMALS 
AS A FUNCTION OF DOSE IN SINGLE EXPOSURES* ( -- SEM) 


Experiment no. 


Dose (cGy) 


130 4-13 


122 1:12 


116415 





*LDsoj150 1320 1-28 cGy (rad). 
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Dose-response relationship for colony forming efficiency of 


FSa cells in the lungs, 24 hours and 105 davs after irradi- 
ation. (Bars: SEM). 


the increase in hydroxyproline concentration was 
more marked. 

Lung compliance dropped significantly (p < 0.05) 
seven days after the end of treatment, from 0.114 
ml/g/cem H0 for control saline-treated animals to 
0.074 mg/g/cm H0 in bleomycin-treated animals. 
Recovery to just below control level followed during 
the next 42 davs, when it almost reached control 
level. T'hese changes paralleled those in lung weight. 
The mortality rate was about 1075, deaths occurring 
during the second week after the end of treatment 
(coinciding with the maximum acute Increase in lung 
weight). 

Development of artificial metastases in bleomycin- 
treated animals. The highest yield of FSa lung meta- 
stases from IV injection of 5 10* viable tumour 
cells into bleomycin-treated mice was 6.5 times 
greater than in control animals, and was observed 
during the first 25 days after the end of treatment 
(Fig. 5). Again, the initial increase coincided uU. 
with the time of increased lung weight. However, 
high yield of metastases was still found 49 davs alie 
the end of treatment, by which time lung weight had 
decreased to about 20°, above control values. 

Development of spontaneous metastases from mam- 
mary carcinoma (MCa-K) at different times after 
irradiation. A dose of 1200 cGy was delivered to the 
lungs of mice at intervals of 13, 48, 76, 110 or 143 
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Fic. 5, 
Changes in lung weight, hydroxyproline content, and the 
number of Fa metastases at different times after the end of 


treatment with bleomycin (15 mg/kg twice weekly for seven 
weeks). (Bars: SEM). 


days before IM inoculation of MCa-K tumour cells 
into the right hind leg. Control animals with no prior 
irradiation of the lungs had metastases too numerous 
to count, and so the results are presented in terms of 
net metastatic tumour weight. The net metastatic 
tumour weight was determined by subtracting the 
weight of lungs from normal mice from the weight of 
the lungs from tumour-bearing animals. For irradi- 
ated animals, the lung weight subtracted was that of 
lungs of mice without tumours that had received 
1200 cGy at the appropriate time before killing 
(Fig. 1). Figure 6 shows the w eight of irradiated lung 
from Fig. 2 and total lung plus tumour weight of the 
animals with spontaneous metastases. The net 
weight of tumour tissue in unirradiated lungs was 
about 420 mg: in mice whose chests were irradiated 
at least 29, 64 or 92 days before tumour irradiation, 
the net weight of metastases in the lungs was about 
200 mg. This increased to about 280 mg in animals 
whose lungs were irradiated 126 days before treat- 
ment of the tumour in the leg, but decreased to about 
190 mg in animals irradiated 159 davs before treat- 
ment of the tumour in the hind leg. 
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Discussion 

Lung weight, survival, and the number of FSa lung 
metastases. Lung weight began to increase about 90 
days after doses of 1000 cGy or more. The increase 
was greater and lasted longer with increased doses. 
In our experiments the mean survival time after 
doses ranging from 1200 to 1550 cGy was 103-130 
days, with the majority of mice dying between 100 
and 130 days after irradiation (Table I). This pattern 
was similar to that after X-ray or neutron irradiation 
of the lungs (Field and Hornsey, 1974). Field and 
Hornsey found the lungs of the dying animals to be 
highly cellular and spotted with areas of consolida- 
tion. The septal walls were thickened and alveolar 
space reduced, In our experiments death coincided 
with the time of increased lung weight in both the 
irradiated and the bleomycin-treated mice. This 
association was reported previously for rats receiving 
radiation to the chest (Dubrawsky et al., 1975). 

The late increase in lung weight in both bleo- 
mycin-treated and irradiated mice was also associated 


with an increase in the colony forming efficiency in 


E. 


the lungs of FSa cells injected IV. However, the 
increase in the number of FSa lung nodules in 
animals irradiated 24 hours before inoculation was 
not associated with an increase in lung weight. It is 
possible, therefore, that different mechanisms are 
involved in the early and delaved radiation-induced 
increases in the number of FSa lung nodules. 

Hydroxyproline in the lungs after irradiation. 'The 
transient increase in lung weight about three months 
after doses of 1000 to 1300 cGy was followed by a 
sharp dose-dependent increase in total hydroxypro- 
line in the lungs. Although lung weight decreased 
toward normal with time, the accumulated collagen 
remained. It is possible that the increase in lung 
weight caused a decrease in collagen concentration, 
which might have led to cellagen synthesis. How- 
ever, the increase in collagen concentration with the 
subsequent decrease in lung weight was not followed 
by a decrease in total collagen, indicating that a new 
equilibrium in collagen synthesis and catabolism 
was achieved 120 days and longer after irradiation. 
The reason for these changes is not clear. 

Artificial and spontaneous lung metastases in pre- 
irradiated lungs. The increase in artificial lung 
metastases at short intervals after irradiation of the 
lungs has been described by many investigators 
(Brown, 1973; Peters, 1974; Van Den Brenk et al., 
1973; Withers and Milas, 1973) using different 
tumours, There is only one previous report on the 
effect of pulmonary damage on LCFE 31 and 94 
months after irradiation (Thompson, 1974). In our 
experiments lung damage (evidenced bv an increase 
in weight) caused by bleomycin or irradiation caused 
a late, transient increase in the colony-forming 
efficiency of FSa cells. However, an increase in 
LCFE was not found for spontaneous lung meta- 
stases from MCa-K mammary tumour growing in 
the thigh. In fact, pre-irradiation of the lungs caused 
a decrease in the number of spontaneous MCa-K 
lung metastases at all times after irradiation. This is 
consistent with the lack of evidence for an increase in 
lung metastases in patients after irradiation of the 
lungs (Chu et al., 1967). 

Radiation and bleomycin doses, experimental vs. 
clinical. We believe that these studies have relevance 
to humans treated with a single dose of irradiation to 
the entire lung. 1t was shown that the probability of 
developing radiation pneumonitis in humans in- 
creases from 1%, at 600 cGy to 3094 at 800 cGy 
(Fowjer and ‘Travis, 1978; Fryer et al., 1978). In the 
mouse the same biological effect is detected after 
1200 cGy to the lungs. Therefore, the basis of this 
research was to examine the effect of single doses of 
irradiation to the thorax of mice corresponding to 
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the doses in humans causing the same biological 
effect. 

Bleomycin was injected twice weekly for seven 
weeks, the total dose given being 210 mg/kg. Expres- 
sion of the total dose in the mouse on a mg/m? basis 
(multiplying by 3.3) (Freireich et al., 1966) results in 
a total dose of 693 mg/m?. The limiting total dose for 
humans is 200 mg/m? (Gottlieb et al., 1972). Here 
again the same biological effect is achieved by 693 
mg/m? in the mouse as compared with 200 mg/m? 
in humans. 
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ABSTRACT 

The changes in labelling index of neuroglial cells of the 
rat cervical cord following 20 Gy X rays are compared with 
the timing and pattern of the repair of radiation damage in 
the spinal cord. The start of time-dependent repair coincides 
with the release of the proliferative neuroglia from a block at 
the G1/8 border. The evidence suggests that the time-depen- 
dent repair reflects the normal unstimulated proliferation of 
the surviving neuroglial cells and that homeostatically stimu- 
lated recruitment to the proliferative neuroglia does not oc- 
cur until the period just before the development of paralysis. 
A normal cell-cycle time of about one month for the spinal 
cord neuroglia is indicated from the observed pattern of 
labelling. 
Recovery from radiation damage in the spinal cord 
occurs in two phases: an initial rapid phase, comple- 
ted within 24 hours of irradiation, and a second much 
slower phase (White and Hornsey, 1978; van der 
Kogel, 1977a; 1979). This second phase starts about 
three weeks after irradiation (White and Hornsey, 
1980) or later (van der Kogel, 1977b) and, although 
it may continue for as long as 120 days, it is largely 
completed within 80 days post-irradiation (Fig. 14). 
The timing and pattern of this second phase of 
recovery is the same after irradiation with neutrons 
and X rays (White and Hornsey, 1980). It was 
previously suggested that the pattern of time- 
dependent repair in the spinal cord was consistent 
with a homeostatically triggered cell regeneration 
following injury (White and Hornsey, 1980). The 
study of labelling index at various times after 
irradiation reported in this paper was undertaken to 
test this hypothesis. 


METHODS 

Irradiation and labelling procedures 

Full details of the irradiation procedures have 
been given previously (White and Hornsey, 1978). 
Briefly, a 1.5 cm length of the rat cervical cord 
(C2—C4) was irradiated with 250 kV X rays at a dose 
rate of 2 Gy min-! using a lateral beam with HVL 
1.3 mm Cu. A dose of 20 Gy was used. This dose 
would not cause myelopathy within the first year; it 
is on the upper side of doses used as the first of two 
equal half-doses given in the time-dependent repair 
study, previously reported, where the ED/50 was 


found to be 34.2-39.3 Gy when the doses were 
separated by 1-120 days (White and Hornsey, 1980). 

Twenty-two three-month-old CFHB male rats 
(Anglia Laboratory Animals) were used in the ex- 
periment. Animals were irradiated 120, 90, 60, 45, 
30, 25, 19, 16 days and one day before the start of 
tritiated thymidine (3HTdR) injections. Two rats 
per treatment time were used. The 3H'TdR was 
administered to the animals in two groups, the first 
group consisting of rats irradiated one day to 45 days 
previously (4$ months old) and the second group 
consisting of animals irradiated 60-120 days pre- 
viously (seven months old). Unirradiated rats were 
used as age-related controls in the two groups. 

The 6-2HTdR (850 GBq or 23 Ci/mMole, Radio- 
chemical Centre, Amersham) was administered 
intraperitoneally every 12 h for five days. All injec- 
tions contained 18.5 kBq (0.5 wCi)/g 3HTdR in 
sterile saline. 


Histological and autoradiographic procedures 

Between 45 minutes and one hour after the last 
injection the animals were anaesthetized with ether 
and then killed by perfusion through the aorta with 
ice-cold fixative, 2°% paraformaldehyde in phosphate 
buffer (pH 7.3). The irradiated region of vertebral 
column was removed from each rat and placed in 
ice-cold fixative, where it remained at 4°C for one 
week. After this time the spinal cords were dissected 
from the vertebral columns and embedded in paraffin 
wax. ‘Transverse sections of 4 um thickness were 
taken and mounted on acid-cleaned subbed slides, 

Slides were coated with melted Ilford K2 nuclear 
emulsion diluted 50:50 with distilled water, allowed 
to dry and stored in light-proof boxes at 4°C for six 
weeks. ‘The emulsion was then developed for five 
minutes in Kodak D19 developer at 14^C and fixed 
in Hford's Hypan (one volume fix plus four volumes 
distilled water) for a further five minutes. After 
washing for 15 minutes, the slides were stained with 
haematoxylin, dehydrated, cleared in xylene and 
mounted in Ralmount. 
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Counting procedures 

The white matter in transverse sections of the cord 
was scanned at a magnification of 1250x under oil 
immersion and the number of labelled neuroglial 
nuclei per 100 neuroglial nuclei scored. This pro- 
cedure was carried out on coded slides and repeated 
six times within the dorsal or ventral columns of 
each cord, randomly selecting a different region for 
each count. 

The neuroglial cells in the cervical cord consist of 
astrocytes, oligodendrocytes and microglia. The 
histological stains which make it possible to identify 
these different types of cells involve silver or gold 
impregnation and may interact with the development 
of autoradiographs. It has therefore proved imprac- 
tical to attempt to distinguish the different types of 
neuroglial cells in the autoradiographs. Endothelial 
cells, nerve cell bodies and any other cell types which 
were obviously not glial elements were excluded 
from the count. 


RESULTS 

Figure 1B shows the mean percentages of labelled 
glial cell nuclei in the white matter of the cervical 
cord at various times after a single dose of 20 Gy of 
X rays. For each mean value, the relevant five day 
labelling period is indicated by a horizontal bar and 
the standard error by a vertical bar. Also shown, 
joined by a thin line to the right of each data point, 
are the percentages of labelled glial cells seen in the 
two individual animals concerned. Except for the 
30-35 day value, the means for individual animals lie 
within or close to the standard errors of the means 


for both animals, showing that animal-to-animal: 


variation was no greater than the field-to-field 
variation within the animal. Any regional variations 
within the cord (Hubbard and Hopewell, 1979) 
were not examined in this study. 

Age-related unirradiated rats were labelled at the 


day (seven-month-old rats) post-irradiation groups. 
The labelling index was 2.794, --0.5 for 4$-month-old 
and 3.794 -41.0 for seven-month-old rats. As these 
values were not significantly different, the mean 
value for all unirradiated rats, 3.0% :-0.5, was used 
for comparative purposes in Fig. 1B. 

The labelling curve shows an immediate fall with 
the labelling index at one to six days reduced almost 
to zero and significantly (p< 0.195) below the value 
for unirradiated cells. Labelling index during the 
period 16-21 days after irradiation is significantly 
(p « 0.195) above control levels, although the index 
over the 19-24 day period is within the control range. 
This indicates a very sharp fall in labelling index at 
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(A and c) The ratio (Dy/De) of the doses to cause myelo- 
pathy in 50°, of rats when the dose is given in two halves 
separated by various times (Dr) to the dose when separated 
bv one day (D2) shown in relation to the time between the 
dose frations. The data are from White and Hornsey, 1980. 
2 Cervical cord, neutrons; € Lumbar cord, neutrons; 
V Cervical cord, X rays; W Lumbar cord, X rays. The data 
points in (A) and (c) are the same but different lines are 
drawn to join the points (see text, discussion section). 


(B) The percentage of neuroglial cells in the white matter of 
the cervical cord labelled in five-day periods with tritiated 
thymidine at various times after 20 Gy X rays. Vertical bars 
represent standard errors based on counts from 12 regions 
of the cord in two animals; the thinner bar to the right joins 
the means of the two animals estimated separately. Hori- 
zontal bars represent the five day period over which the 
animals were labelled with tritiated thymidine. Open 
symbols are for control mice, closed symbols for irradiated 
mice. The hatched area represents the range of control 
values. 


around day 19. Labelling indices remain at about 
control levels until 45-50 davs after irradiation when 
there is a suggestion that the index is slightly above 
control (294 « p « 595). The index over the period 
60—65 days after irradiation is indistinguishable from 
control values but at 120-125 days it is again signifi- 
cantly above control levels (p « 0.005). 


DISCUSSION 
Recovery from radiation damage in both the 
cervical and lumbar cord falls into two distinct 
phases (White and Hornsey, 1978; van der Kogel, 
1977a). 'The initial phase occurs over the first 24 
hours after irradiation and is attributed to repair of 


1082 


DECEMBER 1981 


Turnover of proliferative cells in the spinal cord after X irradiation 


sublethal damage; the present study shows that 
during this time the labelling index falls abruptly. 
The second phase of recovery (the time-dependent 
repair) is slower, starting in this strain of rat some- 
time between 15 and 30 days after irradiation (White 
and Hornsey, 1980). During the time when no time- 
dependent repair is taking place (1-16 days) the 
neuroglial-cell labelling index increases 20-fold to 
levels significantly above control. 

It has been previously suggested (White and 
Hornsey, 1980) that the pattern of time-dependent 
repair seen in the spinal cord may be due to cell 
regeneration, possibly stimulated by a homeostatic 
response to injury. Transient demyelination and 
Wallerian degeneration have been observed as early 
as two weeks after modest doses (5 Gy) of radiation 
( Mastaglia et al., 1976) and could act as the stimulus. 
Such an explanation involving cell recruitment in 
response to early injury could account for the 
increased labelling index found during the 16-21 day 
period after irradiation in the present experiment. 
However, the very abrupt fall in the numbers of 
labelled cells at about day 19 makes such an explan- 
ation seem improbable, as the labelling index after 
cell recruitment. would be expected to fall more 
gradually. A more likely explanation of the fluctu- 
ations in the labelling index found in the present 
study is a relatively extended cell cycle in cord 
neuroglia and a radiation-induced block to cell pro- 
gression at the Gj/8S border. We would also postulate 
a lack of substantial cell recruitment to proliferation 
until the onset of ataxia 4-12 months after irradi- 
ation. In this model the time-dependent repair 
observed from 20-80 days after irradiation (Fig. 14) 
is more likely to be associated with the normal cell 
turnover of survivors and not with a stimulated cell 
proliferation. The following arguments support this 
explanation. 

A radiation-induced block at the G,/S border has 
been seen in several cell systems (e.g. Mak and Till, 
1963; Coultas et al., 1981). If the reduced labelling 
index found during the first six days after irradiation 
(Fig. 18) is the result of such a block, then the over- 
shoot from 16-21 days may be due to the release 
from the Gj/S block. In unirradiated animals 39; 
of neuroglial cells are labelled per five day interval. 
Thus if all blocked cells were released during the 
16-21 day labelling period, a labelling index of 

12°, would have been expected. In fact a labelling 
index of about 8°, was seen, pura in "e OV MU. 
period 19-24 days after irradiation the labelling 
that the block was E Sm before the 16-21 
day labelling period. The curve in Fig. IB has 


therefore been drawn to take such an earlier release 
into account. 1f, as we suggest, all that has occurred 
is a radiation-induced block to cell progresssion 
at the G/S border, then we would also expect that 
the area between the curves drawn for control and 
irradiated animals from one to ten days after 
irradiation should about equal the area between 
these curves from 10-20 days after irradiation. The 
data, so far as they go, are consistent with this. From 
this explanation of the cell labelling pattern it 
follows that the start of time-dependent repair of 
radiation damage, sometime between 15 and 30 
days after radiation, coincides with the completion 
of mitosis by those cells blocked for a time on the 
G,/S border. 

The small increase in labelling index seen over the 
period 45-50 days after irradiation might indicate 
residual synchrony amongst cells released from the 
Gi/S block as they enter a second S-phase. The 
existence of such residual synchrony would be in 
agreement with a cell cycle of about 30 days in cord 
neuroglia. It would also indicate a major difference 
between the proliferative pattern of neuroglia in 
brain and cord. 

5o far, the only direct determinations of cell- 
cycle time for neuroglia in mature animals have been 
made on brain, where it seems fairly well established 
that the cell cycle of the neuroglia is less than a day. 
The cells of the subependymal plate of the rat are 
reported to have a cycle time of 18 hours with a 
growth fraction of 35°, (Lewis, 1968). In the mouse 
brain the neuroglia outside the subependymal plate 
have been shown to have a cycle time of 20 hours 
(Korr et al., 1973; 1975), and a growth fraction of 
only 0.4% but with about a quarter of the cells 
leaving the growth fraction in each cycle and being 
replaced by recruitment from the non-proliferative 
glial cells. 

In the absence of conflicting data it would have 
seemed reasonable to assume a close similarity 
between the neuroglial cell populations in cord and 
brain. However, in cord the evidence for a long cycle 
time, though indirect, is substantial. In addition to 
the suggestion of residual cell synchrony at 45-50 
days after irradiation mentioned above, three further 
aspects of our data point towards a relatively ex- 
tended cell cycle in cord. Firstly, cells with a long 
G; tend to have a long post-irradiation block at the 
G/S border compared with cells with a short cell 
cycle (Mak and Till, 1963; Coultas et al., 1981). This 
may be due to a retardation of the increase in en- 
zymes associated with DNA synthesis (e.g. DNA 
polymerases and thymidine kinase) which occur in 
low concentration in cells with a long Gi and must 
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be increased before cell progression into S can oc- 
cur (Keir et al., 1977). Cells with a short G4 usu- 
ally retain higher polymerase activities and are not 
therefore so likely to be delayed from entering S as 
are cells with a long Gj. Secondly, the size of the 
peak of labelled cells at about 15 days is readily 
explained on the assumption that about 3°, of new 
cells pass through S every five days and these cells 
have accumulated at the G/S border for about 15 
days. If there were only a small cohort of cells 
cycling about every 24 hours and producing non- 
proliferative but labelled daughter cells this peak 
would not be detectable, for only the very small 
cohort of stem cells would be held up. The size of the 
post-irradiation overshoot in labelled cells suggests 
that the cycle time is more than 15 days in length. 
Thirdly, the labelling indices at 20-30 days after 
irradiation are comparable with control values, 
suggesting that these labelled cells were in early G; 
at the time of irradiation, were not delayed at the 
G,/S border and proceeded at normal rates. This 
would also indicate a cell-cycle time of at least 20-30 
days. Additionally, Hubbard and Hopewell (1979) 
have found that the labelling index of neuroglial cells 
of rat spinal cord increased four fold as the period of 
continuous ?H'TdR labelling was extended from 
seven to 28 days. This observation is also consistent 
with a cell-cycle time of at least one month together 
with a low growth fraction. All these points are 
suggestive of a relatively long-—say 15-45 days— 
cycle time for the proliferating neuroglia. 

Figure la shows the time-dependent repair plot- 
ted as an isoeffect curve for radiation-induced 
myelopathy as a function of overall treatment time 
(White and Hornsey, 1980). A smooth curve has 
been drawn through the points from 20 to 120 days 
after irradiation. If the time-dependent repair is due 
to the proliferation of surviving cells at a relatively 
normal rate and that rate 1s based on a cycle time of 
approximately one month, it is tempting to draw the 
curve as a series of steps for the completion of each 
post-irradiation division. This has been done in 
Fig. Ic assuming that cells are going through their 
first post-irradiation divisions at 20--30 days. The fit 
suggests that the time-dependant repair is indeed 
associated with the increase in functional survivors 
in the first and second divisions after irradiation. 


There is evidence that damaged or sterilized cells _ 


may divide a number of times after irradiation 
before dying (Silini et al., 1962; Grote and Revell, 
1972; Heyden and Pohlit, 1980). Cells may cease 
division or die after the first, second or subsequent 
post-irradiation divisions. Some of the sterilized 
cells may nevertheless be capable of normal physio- 


logical function. The loss of cells is therefore not 
precipitous after irradiation but builds up over the 
first few divisions, reaching "avalanche" propor- 
tions as damaged Go cells, recruited into division to 
replace the developing functional loss, also contri- 
bute to cell death. The rise in labelling index seen at 
120 days in the present study, just before the time 
when animals would start showing symptoms of 
developing paralysis after doses slightly higher than 
20 Gy X rays, may be due to this recruitment of Go 
cells into proliferation. Zeman (1963) reported a 
similar rise in labelling index in rat spinal cord at 
140 days after irradiation. He also showed that, 
whereas in unirradiated animals the labelling index 
at three days after injection was increased from the 
level found three hours after injection, due to cells 
proceeding through mitosis, in rats with developing 
paraplegia the labelling index decreased over the 
same period and this was associated with a rise in 
necrotic cells. That the rise in labelling index at 
three to four months is due to recruitment of cells 
into proliferation is supported by the observations of 
Hubbard and Hopewell (1979) that abnormal 
mitotic figures seen at this time in the cervical cord 
were in some cases 1n the first post-irradiation divi- 
sion. If the cell proliferation cycle of about one 
month proposed from this study 1s correct, then the 
"avalanche" of proliferation and cell loss observed at 
three to four months following the second to third 
post-irradiation division suggests that the functional 
glial cells can be recruited into proliferation as 
demand arises. 

In summary we conclude that the onset of time- 
dependent repair of radiation damage at 15-30 days 
after irradiation coincides with the recovery of the 
proliferative neuroglia from a block in progression to 
cell division. The amount of time-dependent repair 
in the spinal cord is small and appears to be com- 
plete by 80 days. There is no evidence of increased 
cell turnover nor of large-scale recruitment into the 
proliferative cell cohort during this period. The 
small extent and timing of this time-dependent 
repair in the spinal cord are consistent with it being 
due to the normal unstimulated cell turnover of 
surviving neuroglia. The development of symptoms 
which occurs from about 120 days does however 
coincide with a real change in cell proliferation. We 
postulate that this is due to the loss of functional 
cells from radiation death as the avalanche in re- 
cruitment to cell proliferation occurs from the glial- 
cells in an attempt to repair the growing cell loss. 
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Book review 


Health Implications of Nuclear Power Production. Report of 
WHO Working Group--Brussels, 1975, pp. 75, 1978 
(World Health Organization, Copenhagen), Sw. Fr. 8. 
ISBN 92-9020-103-—-7 

'This publication is a report of a working group convened 
in 1975 by the World Health Organization (Regional Office 
for Europe) in collaboration with the Government of 
Belgium. 'The objective was to appraise the effects of nuclear 
power on man and the environment. The working group 
was multidisciplinary in expertise and their report covers 
possible health detriment associated with all phases of 
nuclear power generation, identifying the important ones as 
occupational accidents during mining and construction, ex- 
posure of uranium miners to radon and its daughters, the 
radiation exposures of workers in reactor installations and in 
fuel reprocessing facilities and the collective dose to the 
world population from long-lived gaseous radionuclides. 

Recognizing the need to compare health effects which may 
result from the exploitation of nuclear energy with those 
associated with alternative energy sources, the report draws 
attention to the absence of knowledge on many aspects of 
non-nuclear technology and recommends the encourage- 
ment of appropriate research. Other recommendations con- 


cern onlv the nuclear-fuel cycle and these include the col- 
lection of epidemiological data on genetic and somatic 
effects of radiation, the direction of resources to permit an 
objective consideration of radioactive-waste management 
options, the provision for handling accidents involving high 
acute radiation doses and the review of emergency pro- 
cedures to protect the public in the event of a serious acci- 
dent. The report also discusses the treatment of chemical 
wastes, the effects associated with the discharges of heated 
water, acts of sabotage, training of personnel, the siting and 
decommissioning of nuclear plant and the importance of dis- 
seminating information as widely as possible. 

In 63 pages of text, the document summarizes the entire 
nuclear fuel cycle from mining through fuel preparation and 
electricity generation to reprocessing and the handling of 
radioactive waste. The working group resisted the temp- 
tation to produce a 1000 page review and instead produced 
this useful, readable and concise statement. Although there 
have been a number of developments in the six years since 
this report was first drafted, the summary view it presents is 
still valid. 

J, REISSLAND. 
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ABSTRACT 

Resistance to subsequent hyperthermia as a result of prior 
heating was investigated using a spontaneous murine tumour 
implanted into the feet of C3H/Sed mice. Tumours were 
treated by immersing the tumour-bearing foot into a 
constant-temperature hot water bath set at 45.5°C and were 
given single and split doses of heat. Response was assessed 
using a tumour-growth time assay. ‘Three aspects of therm- 
ally-induced resistance were particularly considered: the 
ume course of development and decay ; the importance of the 
magnitude of the priming dose and the influence of the size 
of the tumour at the time of treatment. 

Substantial resistance was induced in this tumour bv short 
priming doses at 45.5°C, rising rapidly 1-2 days after the 
first treatment and then starting to decay. There was no 
significant difference in the kinetics of thermal resistance 
induced in tumours treated at 4 mm and those treated at 8 
mm in size, although the larger tumours were more sensitive 
to single doses of heat. Increasing the magnitude of the 
priming dose of heat resulted in an increase in the magnitude 
of resistance to the second dose. 

The results of this study are compared with results of 
similar studies in this and other laboratories using murine 
normal tissues and cells in culture. Possible clinical impli- 
cations are considered. 


There has been a serious and growing interest in the 
use of localized hyperthermia for the treatment of 
patients with cancer. Moderate levels of hyper- 
thermia lethally damage mammalian cells. The cell- 
survival curve for heat is very similar in shape to that 
for ionizing radiation. One aspect of cell killing by 
hyperthermia which is quite different from that for 
radiation is the development of "thermal resistance" 
or thermotolerance. Following a single heat treat- 
ment, cells zn vitro have been shown to develop re- 
sistance to subsequent heat treatment (Gerner and 
Schneider, 1975). 'l'his resistance is transient and 
non-heritable and may be defined as an increase in 
Do of the cell-survival curve induced by prior heat 
treatment with or without a change in shoulder 
(Henle and Dethlefsen, 1978). The thermal re- 
sistance develops rapidly 1n several to 24 hours after 
initial treatment and then decays slowly. It may de- 
velop during the treatment when cells are treated at 
temperatures below 43°C at normal pH (Gerweck, 
1977). 

Recent studies have demonstrated similar resist- 
ance in murine normal tissues (Law and Field, 1979; 
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Hume and Marigold, 1980; Urano et al., 19803; b; 
Rice et al, 1981) and in some tumour systems 
(Maher et al., 1980; Overgaard and Suit, 1980), al- 
though no detailed studies have been reported on the 
kinetics of thermal resistance in tumours. It is clearly 
of interest to study the thermal response of both nor- 
mal tissues and tumours in search of exploitable dif- 
ferences in the kinetics of thermal resistance which 
might lead to therapeutic gain in the clinic. 

In the present studies, we have investigated the 
kinetics of thermal resistance and the effect of the 
size of the priming dose on the development of re- 
sistance. Urano et al. (1980a) have already shown 
that larger tumours may be more sensitive to a single 
heat dose than smaller tumours. Presumably the 
proportion of nutritionally deprived heat-sensitive 
cells may increase in the larger tumours. We have 
therefore studied the effect of tumour size on the 
kinetics of thermal resistance. 


MATERIALS AND METHODS 

The animals used were 8-10 week old C3Hf/Sed 
mice from our defined-flora colony (Sedlacek and 
Mason, 1977). Sterilized Wayne Lab Blox and 
acidified vitamin-K fortified water were provided ad 
libitum. Tumours were 8th generation isotransplants 
of a fibrosarcoma which arose spontaneously in a 
C3Hf/Sed mouse and are designated as FSa-IT. The 
tumour was extremely weakly immunogenic, and the 
volume doubling time over the volume range of 100— 
200 mm? was about two days. 

Single-cell suspensions were prepared by a tryp- 
sinization procedure which has been reported else- 
where (Urano et al., 1976). Approximately 10° viable 
tumour cells in 5 ul were transplanted into the sub- 
cutaneous tissue of the mouse foot. Hyperthermia 
was given by immersing the foot of the unanaesthe- 
tized animal into a water bath maintained at the 
desired temperature --0.1^C (by a constant tem- 
perature circulator, Lauda type B-1, West Germany). 
The temperature in the central region of the tumour 
equilibrated within 1-2 minutes of immersion 
(Urano et al., 19802). 

‘Tumour response was assessed by tumour-growth 
time analysis, ze., the time taken for the treated 
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tumours to reach 1000 mm? from the time of the 
first treatment. Three diameters of each tumour (di, 
do and da) were measured three times a week using 
a caliper, and the tumour volume was calculated by 
the formula wd,dod3/6. The tumour-growth time was 
noted for each tumour and the median was calcu- 
lated for each group by logit analysis. 


RESULTS 

The kinetics of thermal resistance were studied in 
FSa-II tumours of two sizes heated at 45.5°C. The 
first dose (Di) of 10 minutes was given when 
tumours reached an average diameter of 4 or 8 mm. 
The second dose (De) followed at various time inter- 
vals T; and the tumour-growth time was studied. 
The upper and lower panels of Fig. 1 demonstrate 
this as a function of total treatment time for 4 and 8 
mm tumours respectively. The dose-response curves 
for the split-dose treatments are markedly less steep 
than for the single dose. This is true for both 4 
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Fic. 1. 


Effect of two hyperthermia treatments given at 45.5°C on 
tumour-growth (TG) time of FSa-II tumours. The first 
dose (D) of ten minutes was given when tumours reached an 
average diameter of 4 mm (upper panel) or 8 mm (lower 
rye id ^ *, . . } à 
panel). The second dose followed with a varying time inter- 
val (T) as indicated in the figure. Vertical bars are 95°, con- 
fidence limits. 


and 8 mm tumours, indicating development of sub- 
stantial thermal resistance in both sizes of tumours. 

To investigate the kinetics of thermal resistance 
the treatment time at 4.5°C required to induce a 
constant tumour-growth time of 20 days (To) was 
calculated from each dose-response curve shown in 
Fig. 1. This is plotted as a function of T; in F ig. 2, 
where the development and the decay of thermal re- 
sistance is evidenced as an increase and decrease in 
the 72. Notably, the thermal resistance developed 
rapidly in the first 1-2 days and then started to de- 
cay. Even at a T; of five days, the Too was 1.5 times 
longer for a single dose. This effect at five days may 
be attributed in part to significant regrowth of the 
F5a-II tumour during the five-day interval rather 
than to the consequence of persistent resistance 
alone. 

There appeared to be no significant difference in 
the kinetics of thermal resistance between 4 and 8 
mm tumours, although the 8 mm tumours were more 
sensitive to single treatment than the 4 mm tumours 
as evidenced by the different slopes of the dose- 
response curves for tumours of these two sizes 
(Fig. 1). 

The effect of the magnitude of a priming dose on 
the induction of thermal resistance in the FSa-II 
tumours was also investigated. A Dj of 3 to 22.5 
minutes was given when tumours reached an 
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Fic. 2. 
Effect of the time interval between two doses on the treat- 
ment time to induce a tumour-growth (TG) time of 20 days. 
The treatment time was calculated from the regression lines 
in Fig. 1. Solid and open symbols indicate 4 and 8 mm 
tumours. 
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Fic. 3. 
Effect of the size of first dose on thermal resistance. ‘The 
first dose was given when tumours reached an average 


diameter of 4 mm. The second dose followed 24 hours later. 
Vertical bars indicate 95"; confidence limits. 


average diameter of 4 mm, and was followed at 24 
hours by a variable Ds. The tumour-growth time is 
plotted in Fig. 3 against total treatment time for each 
value of Dj. The dose-response curves after the 
second dose show a decrease in the slope with in- 
creasing Di, although the slopes following D of 15 
and 22.5 minutes are comparable. These data 
suggest that an increasing D, is associated with in- 
creasing magnitude of the thermal resistance. This 
is more clearly evidenced in Fig. 4 where thermal 
resistance ratio (T RR) is plotted as a function of D4 
(lower panel). The TRR is defined as 


D (total dose) —D4 D (second dosc) 


RUD EDD EM 


where D is a treatment time to induce a given bio- 
logical endpoint, a tumour-growth time of 20 days. 
Expression of the TRR in zu-vivo systems was also 
extensively discussed in our previous paper (Rice et 
al., 1981). 


DISCUSSION 

The present experiments have demonstrated de- 
velopment of substantial thermal resistance in a 
murine tumour. The kinetics of thermal resistance 
are very similar to those found in cultured mam- 
malian cells and in mouse normal tissues (Gerner 
and Schneider, 1975; Henle and Dethlefsen, 1978; 
Law and Field, 1979; Rice et al., 1981). The upper 
panel of Fig. 4 demonstrates the TRR as a function 
of T; between two doses where the TRR was calcu- 
lated by Eqn. 1. It is obvious that substantial re- 
sistance developed within one day and then decaved 
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The kinetics of thermal resistance. The thermal resistance 

ratio was calculated according to Eqn. 1 and plotted as a 

function of time interval (upper panel) or of size of first dose 

(lower panel). The biological endpoint used to calculate the 

ratio is the treatment time to induce a tumour-growth time 
of 20 davs. 


slowly. Only partial decay was evident even after five 
days after the priming dose, although regrowth of 
the tumour might have contributed significantly to 
the increase of T RR. 

Thermal resistance increased with increasing 
priming dose (lower panel in Fig. 4). This finding is 
also comparable to that observed in cultured cells 
and in normal mouse tissues (Gerner et al., 1976; 
Harisiadis et al., 1977; Law and Field, 1979; Rice 
et al., 1981). This increase in resistance could re- 
sult not only from an increase in Do, but also from an 
increased shoulder of the dose-response curve. 
Therefore, the thermal resistance in tumour tissues 
could not be directly compared with that in normal 
tissues already reported by us (Rice et al., 1981), be- 
cause of different endpoints, z.e., level of tissue 
damage evaluated. The endpoint in our normal- 
tissue studies was the treatment time to induce a loss 
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Pia. 5. 
Thermal resistance ratio for FSa-II tumour and for the 
mouse foot. The calculation of the ratio was based on bio- 
logical endpoints produced in both tissues by the same single 
dose. The endpoint for foot reaction was loss of at least one 
toe (RDso) while that for tumour response was treatment 
time to induce a tumour-growth (T 3) time of 26 days. Both 
endpoints were obtained by the same single dose of 34 
minutes at 45,5^C, RDso values are from previous experi- 
ments (Rice et al., 1981). 


of one toe or a greater reaction in half the treated 
animal feet, RDzo. The single-dose RDzo at 45.5°C 
was 34 min which in our FSa-II tumours induced a 
tumour-growth time of 26 days ( T»s) as seen in Fig. 1. 
Accordingly, the RDso (cited from Rice et al., 1981) 
and T»s have been used as endpoints to calculate the 
TRR (some 75s values were obtained by extrapolat- 
ing each dose-response curve) which is shown in 
Fig. 5 as a function of Dj. The T; between Dı and 
D» was 24 hours. There is apparently a difference in 
the TRR after a small Dj as a rapid increase in the 
TRR appears to be a specific feature of the foot 
reaction. No other significant difference in the ther- 
mal resistance is seen between the murine foot and 
the FSa-II tumour. This might imply that only 
small doses result in a therapeutic gain if each dose is 
given when the thermal resistance has fully de- 
veloped. However, it should be noticed that this is a 


finding in a single spontaneous tumour treated at a 
single representative temperature. We have further 
investigated thermal resistance in other spontaneous 
and chemically-induced tumours. Preliminary re- 
sults in these studies suggest a greater thermal re- 
sistance in the spontaneous tumour than in the 
mouse foot. 

The evidence that the magnitude of thermal re- 
sistance increases with an increasing D, raises a 
critical question as to the efficacy of differential 
heating, ĉe., a greater dose (or higher temperature) 
to the tumour than to the surrounding normal tissue. 
The tumour tissue receiving this larger dose may 
develop a greater thermal resistance to subsequent 
treatment compared with the normal tissue, thus 
cancelling any therapeutic gain. 

It has been demonstrated in cultured mammalian 
cells that a decrease in microenvironmental pH is 
associated with an increased thermal sensitivity to 
single heat treatment (Gerweck, 1977; Overgaard, 
1976). An animal study in our laboratory demon- 
strated that large tumours were more sensitive to 
heat than small tumours, perhaps because the tissue 
pH decreases with increasing tumour size (Urano et 
al., 1980a). Recently, it has been observed that the 
decreased pH inhibits the development of thermal 
resistance (Nielsen and Overgaard, 1979; Goldin 
and Leeper, 1980), although Gerweck et al. (1980) 
reported that thermal sensitivity at low pH was more 
pronounced in cells exposed to single treatments of 
hyperthermia than to fractionated treatments. 'T'he 
present experiments, however, apparently failed to 
demonstrate a significant difference in the kinetics of 
thermal resistance between 4 and 8 mm tumours. 
The possible causes of this failure might be that the 
pH in 8 mm tumours was not sufficiently low to in- 
hibit the development of thermal resistance as com- 
pared to the pH in 4 mm tumours, or that the first 
treatment reduced the tissue pH in tumours of both 
sizes to a comparable level. 

We have demonstrated development of substan- 
tial thermal resistance in a spontaneous murine 
tumour. Only little is yet known about the kinetics 
and the mechanism of thermal resistance. Obviously, 
however, the thermal resistance may be a critical 
factor in determining the success of certain protocols 
of clinical hyperthermia. particularly those featuring 
multiple treatments (LeVeen et al., 1980; Storm et 
al, 1980). Further investigations are needed to 
elucidate the dependence of resistance on the tem- 
perature level used in the initial or subsequent 
treatments, the role of histological type of the 
tumour, and the importance of thermal resistance if 
the treatment is given in multiple fractions. 
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Fundamental Approaches to Radiologic Special Procedures. A 
Handbook of Materials, Methods and Techniques. By C. Ody 
Williams, pp. xx- 164, 1980 (Charles C. Thomas, Spring- 
field, Hlinois), $14.95. 
ISBN 0-398-04116-4 

This is a substantially produced hard-cover manual on 
approaches to angiography by a radiographic technician who 
has had the privilege of working with outstanding inter- 
national radiologists in this field. Thus there is much to 
expect from the book. 

Every vascular investigation is covered systematically and 
cach section consists of a list of equipment, detail on posi- 
tioning catheter tip, data on the contrast to be injected and 
the film programme. Each section is completed as briefly as 
possible vet each contains the maximum information about 
the items listed. However there is no discussion of any of the 
technical problems that might be encountered in achieving 
satisfactory catheter position or how to cope with failure of 
injector or radiographic apparatus. Hlustrations have been 
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excluded deliberately. 

'The purpose of the book is to help radiology residents 
know something about special procedures, as well as the 
radiologists who occasionally do angiograms and the radiog- 
raphers who have limited experience of angiography but may 
be called to give assistance in an emergency or in an on-call 
system. Thus it is a vade mecum of technology. 

The value of such a book in a busy department that offers 
a twenty-four hour service is immediately recognisable, but 
it is likely to be of greatest benefit to the department of its 
origin. Other departments will differ, sometimes slightly and 
sometimes considerably, from the text of this book and 
though it has much useful information for the tyro, it should 
be introduced to a department with caution, only after it is 
known to conform with local practice, for example the 
volume of contrast agents injected at each site. 

One cannot help feeling that any department that needed 
information of this kind could compile it. 

E. Rays DAVIES, 
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Gated blood-pool scintigraphy (GBPS) has become 
a well established noninvasive method of measuring 
the left ventricular ejection fraction (LVEF), which 
is used to assess patients with a variety of heart con- 
ditions (Maisey ef al., 1980; Rodger et al., 1980). In 
addition, the change in LVEF under stress during 
GBPS is employed as a test for ischaemic heart 
disease (Borer et al., 1977; Wainwright et al., 1979; 
Railton et al, 1980). The usefulness of such pro- 
cedures is, however, limited by the reproducibility of 
the LVEF measurements. 'The variability of the 
LVEF measured is greatly affected by operator 
decisions, such as the selection of a region of interest 
(ROI) for background subtraction and the definition 
of an ROI for the left ventricle. The magnitude of 
the measured LVEF may also be affected by these 
decisions. 

Modern gamma camera systems are normally 
supplied with a computer and appropriate software 
for analysing GBPS studies. In many systems a high 
degree of automation in the selection of ROI's is 
used, and it might be expected that these would 
provide greater reproducibility than those which 
require more operator intervention. Clearly, a fully 
automatic protocol will produce identical results 
when presented with an identical set of data. How- 
ever, a good automatic protocol must be able to cope 
with the statistical fluctuations between different 
sets of data. 

In this study we have measured the reproduci- 
bility of three edge-detection protocols with varying 
degrees of automation. 


METHODS 
Data acquisition 

Gated blood-pool studies were carried out as 
described previously (Young and Railton, 1980). 

An in vivo red cell labelling technique was used 
(Pavel et aL, 1977). Forty milligrams of Pyrolite 
(New England Nuclear) were injected intravenously 
and were followed 20 m later by 740 MBg (20 mCi) 
99'P'c™-pertechnetate. The subjects lay on a couch 


under a gamma camera* positioned to achieve 
optimum separation of the right and left ventricles 
in the left anterior oblique position (typically 30° 
with 10° caudal tilt), The ECG signal was used to 
trigger 16 sequential images during the cardiac cycle. 
Each image was acquired in a 64 « 64 data matrix and 
acquisition was terminated automatically when a 
total of 300 heart beats had been detected. (This 1s a 
typical duration for stress studies). This resulted in 
an average of 35,000 counts and about 600 matrix 
elements over the left ventricle. The background 
activity contributed about 15,000 counts. 

Two sequential acquisitions were carried out at 
rest without altering the relative position of patient 
to gamma camera, and the data stored on magnetic 
tape for later analysis. The subjects studied were nor- 
mal volunteers with a mean age of 27 years. 


Data analysis 

All the data were analysed by one operator. Each 
set of data underwent nine-point smoothing. ROI 
was selected adjacent to the apex of the left ventricle 
and the average count density in this ROI was sub- 
tracted from each matrix element. The LVEF was 
then calculated using each of the three protocols 
provided by the manufacturers of the computer.T 

Protocol 1. (Rodger et al., 1980). A fixed ROI over 
the left ventricle was defined by the operator using 
a light pen. The ejection fraction was then calcu- 
lated from the difference in counts in this ROI at 
end-diastole and end-systole. 

Protocol 2. (Technicare QMICA). ROI was de- 
fined over the left ventricle as for protocol 1. This 
was automatically divided into four quadrants. A 
threshold value representing a percentage of the 
maximum counts in the left ventricle was selected by 
the operator for each of the four quadrants. This 
threshold value specified an iso-count contour which 
defined the edge of the left ventricle in each quadrant 





*SIGMA-410, Technicare Limited, Rugby. 
TVIP450 Video Image Processor, Technicare Limited, 
Rugby. 
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TABLE I 
COMPARISON OF LEFT VENTRICULAR EJECTION FRACTION (25) MEASUREMENTS FOR THE THREE PROTOCOLS 


p 


m 




















——3 


Protocol 1 Protocol 2 | Protocol 3 
Patient EFI EF2 EF2-EF1 EFI EF2 EF2-EP1 EFI EF2 bud 2-EF! 
1 62 65 3 68 69 1 81 84 3 
2 62 595. — 7 64 60 ET: 74 77 3 
3 43 43 0 47 48 1 64 63 -~ | 
4 63 57 —6 80 P 8 852 TT mS 
3 43 47 4 47 46 7 0 1 68 69 1 
6 74 ify 4 86 86 0 86 94 8 
7 39 40 1 45 52 7 68 5S2 em 16 
8 35 33 52 39 39 0 44 47 3 
9 45 46 1 58 AT 11 84 79 o 5 
10 40 39 vane | 45 48 3 60 St —— 9 
11 35 38 3 40 41 1 76 70 | | — 6 
12 32 50 — 2 64 59 5 77 77 0 
Mean of EF2-EF] | —0.2.- 1.1 (SEM) —1.3--1.4 — 2.0 4- 1.9 
Shindard devi iation of EF 2- EF1 | 3.6 4 Thr 0. 7 (SE) 4.9 de 1 0 6.5 eM 1 3 
MeanEF 49 2 +- Ed. 5 (SE MD) 56.3 -- 3.0 71.0 42.7 
Standard deviation of EF 
measurements 2.5 +-0.5 (SEM) 3.9 04 4.6 - 0.9 


within the original ROI. ROI's for the left ventricle 
were then calculated by the computer for each of the 
16 frames during the cardiac cycle. LVEF was then 
calculated as for protocol 1. Identical thresholds 
were selected for both pairs of data analysed. 

Protocol 3. ((Technicare GMICA). A rectangular 
ROI was defined by the operator to include all of the 
left ventricle. The computer then searched for the 
points of maximum count-density gradient and 
marked these as the edge of the ventricle. This edge 
was then smoothed and the area contained defined as 
the ROI for the left ventricle. The procedure was 
repeated for each of the 16 gated images. The LVEF 
was calculated as in protocol 1. 

With the same grey-scale settings on the display 
monitor, each of the protocols was repeated on the 
two different sets of images for each subject. The 
standard deviation of the difference between each 
pair of measurements was calculated. By dividing 
this by two the standard deviation for LVEF 
determination was estimated (Young and Railton, 
1980). 


RESULTS 
Table I shows the LVEF measurements on 12 
patients using each of the three protocols. The mean 
LVEF was 49--3°%, for protocol 1, 56-394 for 
protocol 2 and 71--39/4 for protocol 3. T hus, there 
were highly significant differences (p « 0.001; paired 
t-test) inthe magnitude of the LVEF determinations, 


E TI 


with protocols 2 and 3 resulting in higher values. 
The standard deviations for the measurement of 
LVEF for each of the three protocols are also com- 
pared in the table. Protocol 1 had a standard 
deviation rot E determination Br s a es 


eoe 


pees ee 


which was not errans greater chan for eal 
1. However, protocol 3 had a standard deviation of 
4.6-+0.9% which was significantly greater (p < 0.05; 
variance ratio test) than protocol 1. 


DISCUSSION 

This study has demonstrated that there are signifi- 
cant differences in the absolute value of LVEF 
determined by GBPS according to the analysis 
procedure. The two techniques which employed a 
shrinking ROT to follow the left ventricle resulted in 
higher ejection fractions. This was probably due to 
the inclusion in the ROI with protocol 1 of activity 
from outside the ventricle at end-systole. The normal 
value of the left ventricle ejection fraction obtained 
with cineangiography is 6794 (Dodge and Baxley, 
1968) which is in agreement with the results pro- 
duced by protocol 3. It has previously been shown 
that a technique with a fixed ROI has an absolute 
value which is significantly lower than that found 
with single plane cineangiography whereas methods 
employing a varying ROI produce values which 
agree with cineangiography (Taylor et al., 1980). 
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However, comparison of the different protocols 
showed that protocol 3 which had the highest degree 
of automation also had the greatest variability. Since 
in practice it is changes in ejection fraction that have 
to be assessed whether due to stress or to changing 
clinical status, consistency in evaluation is more 
important than absolute accuracy so that, at present, 
we utilize protocol 1 in preference to the other pro- 
tocols. 

It is our opinion that protocol 3 is too easily 
affected by statistical fluctuations in the data, 
resulting in irregularly-shaped and inconsistent 
ROI's which do not correspond with the rounded 
shape of the left ventricle. It may be that a longer 
acquisition time than that used here would result in 
better statistical data and allow the automatic pro- 
cedure to operate more effectively. However, this 
time is typical of that feasible for GBPS during 
exercise procedures. Since it is probable that a 
factor of four in the counts/pixel would be required 
to produce a noticeable reduction in the statistical 
fluctuations and since the maximum permissible 
dose is being administered, acquisition times of about 
20 min may be required. This is only possible in 
non-stress studies although it may not be practical 
since movement by the patient may distort the 
images. We also believe that it should be possible to 
design automatic programs which cope better with 
statistical fluctuations than those used here. 

In the long run, fully automatic analvsis pro- 
cedures will probably take over from the operator- 
dependent techniques which are still widely used. 
However, it should be remembered that until these 


automatic procedures are improved, their repro- 
ducibility is by no means guaranteed. 
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An evaluation of count rate losses due to dead time in static and mobile 


gamma camera data analysis systems 
By T. K. Bell, Ph.D., F.Inst.P. and K. Cranley, M.Sc. 


Medical Physics Department, Royal Victoria Hospital, Belfast BT12 6BA, Northern Ireland 


(Recetved April 1981 and in revised form September 1981) 


ABSTRACT 

The count rate responses of a gamma camera and data 
analysis system have been shown to behave as two separate 
components. Five systems made up of combinations of two 
Static gamma cameras, two data analysis systems, and a 
mobile gamma camera system were investigated. Camera 
and data analysis system dead times are quoted and percent- 
age corrections are plotted against radioactivity of ?"'Tc' in a 
patient phantom within the field of view. It is recommended 
that such a detailed study should be performed for any 
gamma camera system as part of a quality assurance pro- 
gramme. 


Investigations of dead times and count rate losses 
associated with gamma camera systems include the 
work of Adams and Zimmerman (1973), Sorenson 
(1975), Wicks and Blau (1977), Adams et al. (1978) 
and Cranley et al. (1980). Studies by the latter in- 
vestigators are based on the concept that the gamma 
camera operates as a purely paralysable system and 
that the associated computerized data analysis unit 
behaves as a purely non-paralysable system. Having 
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found the dead times, the count rates observed 
during dynamic radionuclide investigations can be 
corrected by using the data analysis system. The 
work included comparison between a two-compo- 
nent model and a one component model, in which 
the whole system is assumed to behave as paralysable 
only. It was found that a Searle* LFOV gamma 
camera on line to a DEC} Gamma-11 data analysis 
system, with an NCIÍ interface and utilizing RKO5 
magnetic discs, introduced count rate losses ad- 
ditional to those from the gamma camera, and con- 
sequently the combined system behaved in a manner 
described by the two-component model rather than a 
one-component model. 

This current report investigates count rate losses 
for combinations of the Searle LFOV and Searle 
Pho-Gamma V gamma cameras on line through the 
NCI or the more recent NCV11-A interface to the 
Gamma-11 system incorporating RKOS or RKO7 
magnetic disc units using the above technique. A 
Technicare] (formerly Ohio Nuclear) mobile gamma 
camera model Sigma 420 on line to an MCS 560 data 
analysis unit was also investigated. 


THEORY 

Examination of the experimental curves of ob- 
served count rate plotted against radioactivity for 
each gamma camera and data analysis svstem reveals 
that the two curves do not coincide when further 
count rate losses are introduced by the second com- 
ponent, the data analysis system (Cranley et al., 
1980). 

The observed count rate Ro provided by the 
gamma camera is related to the true count rate Ry 
and the paralysable dead time rp by 


Kg Ri exp( xci Ry) > > " (1 ) 
From this, by differentiation of Ro with respect to Ry 
p= 1 / Ryqmax — | je. Remax . . ; (2) 


where e is the exponential constant. 

The curve corresponding to the data analysis 
system output Re’ is a result of rp and ry, the non- 
paralysable dead time. Thus 


Ro =R i/[ex p( Riz p) d- (k | Riz p| . (3) 


where k==7y/tp for 747 75, and k= 
(Sorenson, 1975). From equation (3), 


for Tn € Tp 


Tn ze . Rgmax =|. 1 / Ro max es 1j R oPAX (4) 


The dead times tp and 7, are calculated from the 








* Now: Siemens Gammasonics Inc., Illinois, USA. 
tDigital Equipment Corporation, Massachusetts, USA. 
tTechnicare Corporation, Ohio, USA. 


experimental curves, by reading ARj"à* from the 
gamma camera curve and A,'ax from the data 
analysis system curve. It follows from equation (2) 
that 

Rymax zee, Rmax . . i . (5) 


Thus the activity axis can be calibrated in terms of 
true count rate. 

Assuming that the theoretical curve accurately 
describes the experimental curve, any experiment- 
ally determined count rate may be corrected to yield 
true count rates by solving equation (3) for Ri, using 
an iterative computer technique. 


METHOD 

Each camera system was set up for normal oper- 
ation and a water tank phantom and polythene bottle 
sources containing 9Tc™ were utilized in the 
manner previously described by Cranley et al. (1980). 
Various combinations of collimator, gamma camera, 
interface and data analysis system were investigated 
and the one-component and two-component model 
concepts were applied to each set of experimental 
data. 

RESULTS 

Table I shows the six systems from which data 
were acquired and the corresponding calculated 
dead times and maximum count rates for the one and 
two-component models. “Normal” refers to data ac- 
quired on the Searle cameras with a console switch 
position of "normal". "High" refers to the “high 
count rate” position of this switch. 

For Sets 3 and 4 the Pho-Gamma V camera was 
combined with the NCV11-A interface and different 
disc and collimator types. One would expect 7p to be 
the same, since the present theory depicts the camera 
only as the paralysable component. For the "nor- 
mal” switch position, the average value of rp is 5.93 
ps with a range variation, which is attributed to 
errors in the method, of =-0.13 ys. The average 
value of non-paralysable dead time rn is 6.53 us, 
with a variation of -+0.12 us. Since this is the same 
size of error as that in 7p it is concluded that the 
differences in collimator type and magnetic disc type 
make little difference to observed dead times in the 
systems studied. 

Comparing Sets 2 and 3 where the only difference 
is in interface type, average rp is 6.16 -1-0.10 us but 
there is an obvious change in rn and this large 
difference is attributed to interface type. 

Sets | and 5 were taken from combinations where 
the only common apparatus was the LFOV camera. 


ence in 7, is pronounced. 
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TABLE I 


DEAD TIMES AND MAXIMUM COUNT RATES FOUND FOR THE SIX SYSTEMS STUDIED USING TWO-COMPONENT AND ONE-COMPO NENT 
MODELS APPLIED TO EXPERIMENTAL DATA 












































Model 
Count ‘Two-component One-component 
rate 

Gamma camera and data switch Tp Tn RQmsx | Roax | Rmax Tp Ro™* | Rmax 

analysis systems position | (ys) (us) | (keps) | (keps) | (kcps) | (us) | (keps) | (keps) 

Searle LFOV camera (HRC)* Normal | 5.26 9.30 69.9 54.5 190.0 | 6.75 54.5 148.2 

DEC NC11 interface and RKO5 | High 4.21 8.62 87.4 63.1 237.6 | 5.83 63.1 171.5 

disc 
Searle Pho- Gamma V(HSC)t Normal | 6.26 | 10.25 58.8 47.6 | 159.8 | 7.73 47.6 | 129.4 
DEC NC11 interface and RKO5 | High 4.68 8.96 78.6 88.8 | 213.7 | 6.25 58.9 | 160.1 
disc 

Searle Pho-Gamma V (HSC) Normal | 6.06 6.65 60.7 58.6 165.0 | 6.28 58.6 159.3 

DEC NCV11-A interface and High 4.57 5.49 80.5 74.9 | 218.8 | 4.91 74.9 | 203.6 
RKOS disc 

Searle Pho-Gamma V (HRC) Normal | 5.80 6.41 63.4 61.1 172.3 | 6.03 61.0 | 165.8 

DEC NCV11-A interface and High 4.47 5.32 82.3 76.9 | 223.7 | 4.79 76.8 | 208.8 
RKO7 disc 

Searle LFOV camera (HSC) Normal | 5.90 6.56 62.4 59.9 | 169.6 | 6.14 59.9 | 162.8 

DEC NCV11-A interface and High 4.42 5,50 83.2 76.4 | 226.2 | 4.82 76.3 | 207.4 
RKO7 disc 

6. | Technicare Sigma 420 (HSC) — 5.34 <tp | 68.9 68.9 | 187.3 | 5.34 68.9 | 187.3 


with MCS 560 unit 


*High resolution collimator. 
THigh sensitivity collimator. 


TABLE II 


DEAD TIMES FOUND FOR INDIVIDUAL UNITS USING THE TWO- 
COMPONENT MODEL 


Average 
dead time 

Component (us) Dead time type 
Searle LFOV 5.58 +0.32 | Paralvsable 
Searle Pho- Gamma V 6.04 :-0.24 | Paralysable 
DEC Gamma-11 
(NC11) 9.77 -0.47 | Non-paralysable 
DEC Gamma-11 
(NCV11-A) 6.54-0.13 | Non-paralysable 


A summary of the dead times averaged for camera 
tvpe and interface type is given in Table II. A 
similar trend was observed for rp and rn when the 
switch was in the “high count rate" position. 


DISCUSSION 
The main part of the electronics in each of the two 
Searle cameras is similar, so it is not surprising that 
the measured dead times are close. The difference in 
interface dead time is large and it can be seen that 
the NCV11-A interface is much faster than the 
NCII. 


Where the NC11 is used, the two-component 
model is the one which gives the best fit. Where the 
NCV11-A is used, although according to the 
present theory the two-component model is correct, 
the data can be fitted with a one-component model 
(paralysable only) with approximately the same 
accuracy in the clinical count rate range, since the 
extra losses due to the NCV11-A are of the same size 
as the errors in our method. The major differences in 
the derived values of Rax in Table I for Sets 1 and 
2 are due to deficiencies in the application of the one- 
component model to the estimation of true count 
rates in cases where rp is considerably larger than 7y. 

Set 6 was taken using the Technicare camera in its 
normal mode of operation with a high sensitivity 
collimator. The data were averaged over five source/ 
phantom configurations. There were no appreciable 
further losses produced by the MCS 560 data 
analysis system and therefore 


Tr <í Tost pS. 


Figures 1 to 6 show the percentage corrections 
which need to be applied to the observed count rates 
for the different systems where various activities of 
99Tem™m are placed in the fields of view of the gamma 
cameras. Although activities refer to quantities of 
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Fics. 1-6. Percentage corrections which need to be applied to the observed count rates for the gamma camera and data analysis 
systems investigated, N = Normal count rate switch position; H= High count rate switch position. 
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Tem within a patient phantom and within the 
gamma camera field of view, it is possible to estimate 
the fraction of an injected dose which passes into the 
field of view. For example, in a first pass cardiac 
study, one could assume that all the injected radio- 
activity is seen in the camera field of view, whereas 
for an ECG-gated cardiac study the heart is visual- 
ized after equilibration of the radionuclide in whole 
body blood and therefore only a fraction of the in- 
jected radioactivity is seen within the field of view 
of the gamma camera. 

This will influence the choice of collimator for a 
given situation. It may be better to use a high resolu- 
tion collimator for the first pass study, limiting the 
injected radioactivity to 555 MBq (15 mCi) so that 
the improved resolution can be utilized with smaller 
corrections in the observed count rates. 


CONCLUSION 
It is important to assess the count rates obtained 
from the main components of gamma camera/ 
computer data analysis systems used for dynamic 


radionuclide investigations. Considerable variations 
arise and corrections to provide the true count rates 
are necessary as indicated by the performance of the 
three gamma cameras, data analysis systems and 
interfaces studied. The procedure described enables 
patient doses and choice of collimator type to be 
optimized and should form an important part of 
quality assurance programmes for gamma camera 
investigations. 
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Book review 


Introduction to Diagnostic Radiology. Ed. by Melvyn H. 
Schreiber, pp. xiv--368, 156 illus., 1980 (Charles C. 
Thomas, Springfield, Illinois), $29.50, 

ISBN 0-398-0402-5 

Medical education is a curious paradox. We choose the 
most intelligent students we can find and tell them that a 
university is a place for thinking, discussion and learning. 
We then proceed to stuff them with facts like geese destined 
to become paté de foie gras, and discourage them from 
asking questions. With every speciality fighting for its share 
of the curriculum time, radiology everywhere is struggling to 
establish its place in the syllabus; this needs to be done since 
the student when qualified will be trying to interpret films 
daily. How often will he plate out or identify the organism in 
pus? 

Books written for medical students tend to mirror depart- 
mental teaching methods. Some try to relate radiology to 
clinical problems, some to lay down rules, others to explain 
basic radiological principles so that the student can recognize 
the normal and the more common abnormalities. 

This book, edited by Professor Schreiber of the University 
of Texas, consists of 11 chapters written by ten contributors. 
Uniformity of presentation is achieved by a standard 
approach, with the chapter on each anatomical area covering 
the possible diagnostic alternatives, followed by a suggested 
radiological work up for common conditions and ending 
with study questions and answers. Most of the text in each 
chapter is concerned with methods of investigation, illus- 
trated with interesting examples of diseases that are not 
always common. In the chapter on the lungs there are 12 
figures, three containing examples of ultrasound scans, which 





may give the student a misleading idea of its value in the 
chest. Overall this book seems to me to fall into the category 
of didactic lecturing, and could be summarized as advising 
the student that radiology is difficult so when he has a 
diagnostic problem he should ask a radiologist how best to 
investigate it. In case this was too simple a summary I asked 
an English medical student for her opinion, which she has 
allowed me to give here. 

“The book is written to ‘introduce medical students to the 
radiological studies available for the solution of diagnostic 
problems, Emphasis is placed on suggesting the best 
investigation to order for some symptoms and signs associ- 
ated with particular organ systems. However, it would be 
helpful if each section started with a series of normal X rays 
to refer to when looking at abnormal ones, and had more 
illustrations been included of the abnormalities described in 
the text. The chapter on the heart and great vessels was par- 
ticularly well set out and seems to have the balance right. 

“While the aim of the book is fulfilled, it is questionable 
as to whether this is the right target to have in mind when 
writing a radiology textbook for students. As a medical 
student I would have found it more useful if basic X-ray 
interpretation had been explained and common normal and 
abnormal X-ray appearances shown rather than the more 
advanced investigations. These are usually done at the 
radiologist's suggestion after the basic X-ray films have been 
discussed." 

We seem to be in agreement. 

HEATHER BURKE, 
W. D. JEANS. 
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CT scan appearances in a patient with lipoid proteinosis 


By J. N. Leonard and T. J. Ryan 
Department of Dermatology, The Slade Hospital 
and P. W. E. Sheldon 


Department of Neuroradiology, The Radcliffe Infirmary, Oxford 


(Received Tune 1981) 


Lipoid proteinosis is a rare disorder and is inherited 
in an autosomal recessive pattern. It was first de- 
scribed in 1929 (Urbach and Wiethe) and since then 
about 200 cases have been reported, mainly in 
patients with a known European ancestry. The 
pathogenesis is unknown; the only constant feature 
is deposition of an amorphous hyaline material that 
stains with PAS reagent in the affected tissues. 
These include in particular the mucous membranes 
of the mouth and larynx and the skin, though other 
organs may be involved (Hofer, 1973; Heyl, 1963). 





Fic. 1. 


Waxy appearance to face and non-scarring alopecia. 


Laryngeal involvement leads initially to hoarse- 
ness—an inability to cry from birth often being one 
of the first signs of the disease. Laryngeal obstruc- 
tion is a rare cause of death in affected patients; the 
prognosis otherwise is good. Infiltration of the mouth 
and pharynx leads to dry cracked lips and tethering 
of the tongue. During the first two decades of life 
diffuse infiltration occurs in the skin. Yellow or 
brown papules appear on the face giving a waxy look 
to the tissue. Beaded papules along the eyelids are 
characteristic. A non-scarring alopecia may develop 
(Fig. 1). Nodular lesions also occur on the elbows 
and knees where they may form warty plaques (Fig. 
2). Perifollicular atrophy of the neck and upper arms 
may cause a mistaken diagnosis of pseudo-xanthoma 
elasticum. Various congenital abnormalities such as 
aplasia of the incisor teeth have been reported. 
Epilepsy with associated intracranial calcification is a 
feature in a significant proportion of patients. 

Radiological interest has centred around abnor- 
malities of the skull radiograph. For many years 
there was dispute as to whether the calcification 
was situated in the vessels, the meninges or the 
brain, Sheldon maintained that the lesion lay in the 





Warty plaque on elbow. 
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brain (Cowan et aL, 1961). More recently post- 
mortem reports have indeed shown it to be intra- 












cerebral involving the hippocampus and the amyg- 
daloid nucleus bilaterally (Holtz, 1962; Meenan et al., 
1978). This paper reports the use of CT scanning 
in localizing the calcification during life. 


Case REPORT 
The patient concerned was the first case of lipoid protein- 
osis to be described in Britain (Cowan et al., 1961). Her 


Fic. 3. 


(^, B) Sections through the calcified nodules and confirming 
(A, B) Showing the two discrete nodules on either side. position in the temporal lobe. 
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Fic. 4c. 


Higher cut showing the general involutional changes, and 
infarction in the anterior limb of the right internal capsule. 


neurological problems began in 1956 at the age of 40 when 
she was diagnosed as having akinetic epilepsy. This has been 
easily controlled on phenytoin. More recently she has de- 
veloped a peripheral neuropathy of unknown cause. It has 
been suggested that her nervous system has become diffusely 
infiltrated with hvaline material though we have been un- 
able to prove this. 


INVESTIGATIONS 

Skull radiograph (Fig. 3) showed the intracranial calcifi- 
cation overlving the pituitary fossa in the lateral view, but 
lying about 2.5 cm. from the mid-line on either side. ‘Tom- 
ography showed each calcification to consist of two dis- 
crete symmetrical areas close to each other. 

CT scan contirmed the presence of two calcifications on 
either side (Fig. 4). These lie intracerebrally in the region of 
the hippocampi or amygdaloid nuclei. Also there are wide- 
spread involutionary changes and evidence of an old infarct 
close to the head of the right caudate nucleus. 


DISCUSSION 

The CT scan of this patient shows intracerebral 
calcification in the area of the hippocampus. This is 
consistent with the post-mortem reports and sup- 
ports our original interpretation of the skull radio- 
graphs. The localization in this area of the brain does 
not give rise to a specific clinical pattern of epilepsy. 
Temporal lobe fits, grand and petit mal have all been 
reported (Hofer, 1973). 
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Recurrent non-surgical pneumoperitoneum due to spontaneous 


pneumothorax 


By S. Fataar, F.R.C.R., F.F.Rad.(D) (S.A.), P. Morton, F.F.Rad.(D) (S.A.) and 


A. Schulman, M.R.C.P., F.R.C.R. 


Department of Radiology, Groote Schuur Hospital/University of Cape Town, Observatory, Cape Town 7925, 


South Africa 
( Received May 1981) 


The presence of subphrenic air in a patient who has 
not recently undergone abdominal surgery does not 
always indicate a surgical emergency due to per- 
forated bowel. In such a patient, the absence of a 
clinically acute abdomen allows designation of this 
innocent pneumoperitoneum as the non-surgical 
pneumoperitoneum (Gantt et al., 1977) or pneumo- 
peritoneum without peritonitis (Felson and Wiot, 


1973). 
toneal aspiration, peritoneal dialysis, diaphragm- 


The causes include peritoneoscopy, peri- 


atic dissection in cardiac surgery (Glanz et al., 1978) 
and pneumatosis cystoides intestinalis (Wollock et 
al., 1972). In females, transvaginal entry of air has 
resulted from douching, squatting in the puerperium 
or sexual stimulation by blowing (Gantt ef al., 1977; 
Krausz and Manny, 1977; Felson and Wiot, 1973). 
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Where pneumoperitoneum and pneumothorax 
coexist, the usual cause is assisted ventilation ( Mack- 
lin and Macklin, 1944; Donahoe et al., 1972). The 
increased intrapulmonary pressure causes alveolar 
rupture with dissection of air along the vascular 
sheaths to the mediastinum. Upward extension of 
the pneumomediastinum results in surgical em- 
physema of the neck. Downward extension of the 
pneumomediastinum results in air tracking to the 
retroperitoneal tissues via the oesophageal, aortic 
and caval hiati. The retroperitoneal air may rupture 
through into the peritoneal cavity to produce a true 
pneumoperitoneum or track subphrenically in the 
extraperitoneal space to mimic free intraperitoneal 
air (Schulman et al., 1981). Alveolar rupture with 
assisted ventilatiore may also be associated with rup- 
ture through pleura to cause a pneumothorax. 


Case REPORT 

A 28-year-old mentally retarded male, suffering from a 
dysmyelinating disease, presented with a four-day history of 
herpetic oral ulcers and sudden onset of dyspnoea and 
pleuritic right chest pain. On examination there were de- 
creased breath sounds in the right chest. The abdomen was 
soft with normal bowel sounds. The chest radiograph 
revealed a moderate-sized pneumothorax on the right and 
air under the diaphragm (Fig. 1). The slightly collapsed 
right lung had a few small sub-pleural blebs in the upper 
zone. ‘The bowel pattern was normal on the abdominal 
radiograph and air was established as being intraperitoneal as 





Fic. 1. 


Erect chest radiograph showing pneumoperitoneum, right 
pneumothorax (straight arrows) and subpleural blebs (arrow 
heads). There is no pneumomediastinum. 


air moved around freely to lie under the liver on prone view 
(Fig. 2) and along the lateral abdomen on decubitus view. 
There was no evidence of retroperitoneal air, pneumo- 
mediastinum or surgical emphysema. Following 48 hours 
of underwater drainage of the right hemithorax, both the 
pneumothorax and pneumoperitoneum had cleared. 

Two months later, while asymptomatic, a follow-up chest 
radiograph again revealed a combined right pneumothorax 
and pneumoperitoneum, both of which settled with drainage. 
On his third admission six months later with right-sided 
chest pain lasting a month, he had only a moderate pneumo- 
thorax and no air under the diaphragm. He again settled after 
drainage. 

Four months later he returned with fulminating urinary 
sepsis and died four weeks later. During that time frequent 
chest radiographs appeared normal. Autopsy revealed 
numerous subpleural blebs in both lung apices while the 
stomach and small and large bowel appeared normal. ‘The 
diaphragm was not thoroughly examined, but no obvious 
defects were noted. 


DISCUSSION 

Pneumoperitoneum secondary to spontaneous 
pneumothorax has not been recorded previously 
whereas pneumothorax following pneumoperito- 
neum has resulted from perforated peptic ulcer 
(Nayak and Lawrence, 1976; Bradley and Fielding, 
1972), induced pneumoperitoneum (Smith, 1943), 
pelvic gynaecography (Seltzer, 1976) and peritone- 
oscopy (Glauser and Bartlett, 1974). None of these 
had any evidence of retroperitoneal or mediastinal 
air and the only explanation is that there is a direct 
communication across the diaphragm. This may 
result from a ruptured diaphragm and a history of 
lower chest or abdominal trauma would favour this 
as a cause and may be found without any abdominal 





FIG. 2. 


Prone abdominal radiograph showing free intraperitoneal air 
under the liver (arrows). There is no retroperitoneal air. 
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visceral herniation into the chest (Fataar and Schul- 
man, 1979). The absence of any previous trauma 
favoured congenital pleuroperitoneal fistulation as 
the cause in our patient. 

Unilateral and bilateral small holes have been 
found in the diaphragm at autopsy and laparotomy 
and may be solitary or multiple (Smith, 1943; 
Nayak and Lawrence, 1976; Bradley and Fielding, 
1972; Liebermann et al., 1966). These congenital 
fistulae are small which may account for them being 
missed at autopsy in our patient when they were not 
specifically sought. These defects also allow fluid 
transit across the diaphragm and accounted for 5.5%, 
of Liebermann et al.’s cirrhotic patients with ascites 
having hydrothoraces. Finn and Jowett (1970) re- 
corded an acute hydrothorax repeatedly complicat- 
ing every attempt at peritoneal dialysis in one 
patient. 

In our patient the spontaneous pneumothorax was 
probably due to the subpleural blebs, the commonest 
cause of spontaneous pneumothorax which recurs 
ipsilaterally in 30°, (Felson and Wiot, 1973; Greene 
et al., 1977). It is unlikely that the pneumoperito- 
neum preceded the pneumothorax, as the symptoms 
were thoracic only with a clinically normal abdomen 
and normal abdominal viscera found at autopsy, 
when the blebs seen in the partially collapsed lung on 
the chest radiographs were confirmed. 
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Beri-beri used to be a common disease in tropical 
and sub-tropical areas as well as in the crews of ships 
on the high seas (Wilcocks and Manson-Bahr, 1972). 
Nowadays, however, it is uncommon and the wet 
type even rare. In western countries the dry type is 
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rarely encountered and is invariably associated with 
chronic alcoholism. It is thus identified as a con- 
ditioned deficiency disease (Scott, 1978). Generally, 
however, beri-beri in both childhood and adulthood 
is present in association with protein-calorie malnu- 
trition (Moran and Greene, 1979). 

Beri-beri is caused by deficiency of vitamin Bj 
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(aneurin or thiamine). The pyrophosphate ester of 


thiamine is a co-carboxylase which catalyses the de- 
carboxylation and oxidation of pyruvic acid in 


living matter, and is thus involved in the metabolism 





Fic. 1. 


Bilateral pleural effusions. 





Fic. 2. 


Pleural effusions resolved. Enlarged heart and pulmonary 
oedema are still seen. 








of carbohydrates in the Krebs citric acid cycle 
(Wilcocks and Manson-Bahr, 1972). In deficiency of 
vitamin Bı, the tissues which use glucose in large 
amounts as a primary source of energy are most 
markedly affected. Thus the nervous tissues and 
heart bear the main brunt of the disease. In nervous 
tissues, degenerative changes ranging from slight 
medullary changes to complete destruction of the 
nerve may occur. In heart muscle, water retention 
leads to loss of contractility which is reflected 
clinically as high output cardiac failure (Scott, 1978; 
Wilcocks and Manson-Bahr, 1972). The right side of 
the heart is more affected than the left. Oliguria of 
high specific gravity with no albumin, and general- 
ized oedema are common features. Pleural effusions, 
unilateral or bilateral are also common. 


Case Report 
A 16-year-old male presented with loss of 30 kg body- 
weight within one year, oedema most marked in the lower 
limbs, dyspnoea on exertion, orthopnoea and skin pigmen- 
tation. One year before he presented to us, he suffered an 
attack of diarrhoea and vomiting which was diagnosed as 





ic. 3. 


Normal chest and heart. Two weeks after starting treatment 
with vitamin By. 
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enterocolitis, and was treated with intestinal antibacterial 
and antiamoebic drugs and controlled diet. Relapse of 
diarrhoea occurred, which the patient treated himself by 
abandoning the prescribed balanced diet and continuing to 
eat white bread, boiled polished rice and boiled vegetables 
only. Six months later he began to notice oedema of his legs 
and dyspnoea on exertion, as well as brownish discoloration 
of the skin. 

On presentation, his pulse rate was 130/min and BP was 
110/90. Pellagric rash, pitting oedema, marked pallor and 
emaciation were present. There were bilateral pleural 
effusions, ascites, enlarged soft spleen and liver and con- 
gested, pulsating neck veins. Oliguria without albumin or 
casts was noted and there was marked anaemia (9g 46%) 
hypoproteinaemia (3 g% total proteins). The ESR and 
stools were normal. Chest radiography confirmed the 
presence of bilateral pleural effusions (Fig. 1), and a barium 
follow-through examination showed normal findings. He 
was treated by high protein diet, oral iron, folic acid, 
nicotinic acid, vitamin B complex and vitamin C, as well as 
four transfusions of packed red cells and diuretics. 

Three weeks later, anaemia and hypoproteinaemia were 
improved and the oedema had disappeared but the patient 
was still dyspnoeic and orthopnoeic. A chest radiograph 
showed absorption of the pleural effusions, but a markedly 
enlarged heart and interstitial pulmonary oedema were seen 
(Fig. 2). Thus the possibility of beri-beri of the wet type 
was suggested, Diuretics were then stopped and vitamin Bi 
100 mg tds started and vitamin B complex and vitamin C 
and iron were continued. Marked clinical improvement was 
noticed within one week. A chest X-ray two weeks after 
initiation of vitamin Bi treatment was normal (Fig. 3). Three 
days later the patient was discharged from hospital. 


Discussion 

The full picture of wet beri-beri is seen in this 
case. It is believed to be self-induced, resulting from 
prolonged abstention from proteins, fresh vegetables 
and fruits. The association of thiamine deficiency 
with low pretein-calorie diet is known (Moran and 
Greene, 1979), as well as the association of poor 
intestinal absorption of thiamine with folate de- 
pletion (Thompson and Leevy, 1971). 

The marked rapid improvement resulting from 
the use of vitamin B, treatment alone confirmed the 
aetiology of the condition. 
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Choledochal cyst, first described by Vater (1728), 
is a localized cystic dilation of the common bile duct 
and may extend upwards to involve the hepatic ducts. 
'The disease is relatively rare and affects orientals 
more frequently than any other race (Han et al., 
1969). Early diagnosis and treatment can prevent the 
complications of ascending cholangitis, calculus for- 
mation, spontaneous or traumatic rupture, biliary 
cirrhosis, portal hypertension, varices, carcinoma of 
the cyst wall and death (Barlow et al., 1976). The 
clinical triad of abdominal pain, jaundice and 
abdominal mass is present in only about 209, of the 
cases and unless the index of suspicion 1s high the 
diagnosis will be missed (Alonso-Lej et al., 1959). 
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Intravenous cholangiogram may be diagnostic in the 
absence of jaundice (Alonso-Lej et al., 1959), and 
ultrasonogram could be helpful in demonstrating 
the presence of a cyst, although it is not always 
diagnostic (Barlow et al., 1976). After Williams et al. 
(1970) first reported a choledochal cyst diagnosed by 
hepatoscintigraphy, iodine 131 Rose Bengal liver scan 
appeared te be the only consistent investigation of 
diagnostic value (Barlow et al., 1976). The physical 
characteristics of 181] are not optimal for imaging 
and its relatively long half-life and its 8 emissions 
result in a relatively high radiation dose to the bowel 
mucosa which finally prevented its widespread use. 
Iodine 123 overcomes this limitation but is expensive 
and, because of its physical half-life of 13 hours, not 
practical for unscheduled emergency examinations. 
Technetium 99m, because of its excellent physical 
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characteristics for imaging, its easy availability and 
its short half-life of six hours and thus lower radiation 
dose, is now the radionuclide of choice. Many com- 
plexes of 9Te™m have been used for hepatobiliary 
imaging including penicillamine, dihydrothioctic 
acid (DHT), tetracycline, mercaptoisobutyric acid 
(MIBA) and pyridoxylideneglutamate (PYG). The 
recently developed iminodiacetic acid (IDA) deriva- 
tives appear to be superior and the most promising 
agents (Harvey et al., 1975). Diethyl-IDA (EHIDA), 
because of its faster blood clearance and lower renal 
excretion, appears to be superior to dimethyl-IDA 
(HIDA) (Wistow et al., 1977). The purpose of this 
paper is to demonstrate the excellent diagnostic value 
of 99Tcm.diethyl-IDA hepatobiliary imaging in 
choledochal cvst. 


Case REPORTS 
Case Í. 

A six-year-old Chinese girl was admitted to the paediatric 
unit of the University Hospital on November 25, 1980 for 
evaluation of a mass in the right upper abdomen, ‘There was 
no history of abdominal pain, vomiting, diarrhoea or jaun- 
dice. She had no previous history of jaundice or any other 
significant illnesses. 
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Fic. 1. Case 7. 


Pre-operative ""T'e"-EHIDA hepatobiliary scan. Filling 
defect in the liver (A-D), filling of choledochal cyst (E-I). 


On examination she was normally developed, thin, afebrile 
and not jaundiced. The only physical abnormality discovered 
was a mass in the right upper quadrant of the abdomen 
which was about 4 x 4 cm and firm and smooth to palpation, 
The liver and spleen were not palpable. 

Her haemoglobin, white cell count, blood urea and 
electrolytes, and urinalysis were within normal limits. Except 
for an elevated alkaline phosphatase of 396 1U/I, her liver 
function test was normal. 

Ultrasonogram demonstrated a large transonic area within 
the liver and was reported as a hepatic cyst. An initial liver 
scan performed with **'T'c-tin colloid showed a large defect 
in the inferior aspect of the right lobe. 

Sequential scintigraphy with **Tc™-EHIDA revealed the 
filling defect in the right hepatic lobe (Fig. 1A—D) that be- 
came an area of concentration of the radiopharmaceutical on 
the subsequent serial scans (Fig. 11). The delayed scans at 
five hours and at 24 hours showed good concentration of 
the radionuclide in the choledochal cyst and no excretion 
into the gut (Fig. 1H, I). 

At laparotomy, a large choledochal cyst involving the 
common bile duct containing 400 ml of bile was seen. 
Excision of the cyst, cholecystectomy and hepatico-jejun- 
ostomy with Roux-en-Y anastomosis was performed, She 
made an uneventful recovery and a post-operative ""Tcm- 
EHIDA scan showed filling of the initial defect in the liver 
and prompt excretion of tracer into the gut through the 
biliary anastomosis. No bile leak or bile stasis were demon- 
strated in the anastomosed intestinal segment. Prompt 
clearance of bile from the jejunal anastomosis was also seen, 


Case 2. 

A 34-year-old Chinese female was referred on January 6, 
1981 for evaluation of a large choledochal cyst. She had been 
in good health until six years ago when immediately after 
delivery of her first baby she had intermittent pain and 
swelling in her right upper abdomen. The swelling was less 
in the morning but became more prominent towards the 
evening. There was no fever or jaundice and with sympto- 
matic treatment the pain and swelling subsided completely 
within a week. She had two further similar episodes when 
she delivered her second and third babies. On both these oc- 
casions the pain and swelling subsided completely within 
a week, and no diagnostic investigations were carried out. In 
December 1980 she was admitted to her local hospital with 
severe right abdominal pain. She was found to have a low- 
grade fever, and a tender swelling in the right upper abdo- 
men but no jaundice. She was treated conservatively for 
acute cholecystitis and the fever, pain and tenderness soon 
subsided. However, the swelling continued to persist, being 
more prominent in the evening than in the morning. She had 
no other symptoms. A plain abdominal radiograph showed a 
small opacity in the right hypochondrium. An intravenous 
cholangiogram showed a normal sized gall bladder. Barium 
meal series were reported as normal. 

On examination she was normally developed and slightly 
obese. The only physical abnormality found was a large, 
non-tender, firm, smooth mass in the right upper abdomen, 
extending to the level of the umbilicus. 

Her haemoglobin, white cell count, blood urea and 
electrolytes, urinalysis and liver function tests were within 
normal limits. Ultrasonogram demonstrated a large cyst 
with a distended gall-bladder but was not diagnostic. No 
gall-stones were seen. Technetium 99m-EHIDA hepato- 
biliary scintigraphy revealed excretion of the radionuclide by 
the liver and its concentration in the initial area of filling 
defect in the right lobe noted in the hepatic phase (Fig. 2). 
A delayed scan at 160 min and five hours showed good 
concentration of the radiopharmaceutical in the large 
choledochal cyst (Fig. 2C, D). 

At laparotomy a large choledochal cyst containing 1 | of 
concentrated bile was seen. Excision of the cyst, cholecyst- 
ectomy, and hepatico-jejunostomy with Roux-en-Y anasto- 
mosis were done. She had an uneventful post-operative 
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of the Roux-en-Y anastomosis 
the anastomosed intestinal segment were seen 


cleared promptly from the jejunal anastomosis 


DISCUSSION 


introduction of 11] Rose Bengal 


Before the 


hepatobiliary scintigraphy, cysts have 


choledochal 


rarely been correctly diagnosed pre-operatively. 
Delayed diagnosis is due to the fact that symptoms 
are nonspecific and intermittent and the classic triad 
I5 seldom seen. The short duration of such episodes 
and the negative work-up during remission often 
result in this condition being diagnosed as chronic or 
recurrent hepatitis or recurrent cholangitis or chole- 
cystitis. Oral cholecystogram and intravenous chol- 
angiogram are occasionally diagnostic in the non- 
jaundiced patient (Barlow et a/., 1976). Barium meal 


series is not diagnostic. Ultrasonogram demonstrates 





ng of gall bladder and choledochal cvst (C, D) 


the presence of a cyst but is not always diagnostic 
and may be interpreted as an hepatic cyst. 
Technetium 99m-diethyl-IDA has been shown to 
be the best for imaging of the hepatobiliary tract 
(Wistow et al.. 1977; Pauwels et al., 1978). The 
finding on the scintiscan of an initial filling defect in 
the liver together with an area of no radioactivity 
over the palpable abdominal mass that becomes an 
area of concentration on the serial scan is pathogno- 


monic for the disorder. In the non-1aundiced patient, 


hlling of the cyst by the radionuclide can occur as 
early as two hours, whereas in the jaundiced patient 
filling may not be seen until the 24-hour scan. 

The post-operative scans show loss of the filling 
detect and the prompt excretion of the tracer into the 
gut thre ugh the biliary anastomosis. Technetium 
99m-diethy!| IDA 


of the patency of the surgical biliary 


scintigraphy also allows the 


assessment 


1106 


1981, British Journal of Radiology, 54, 1107-1109 


DECEMBER 1981 


Case reports 


anastomosis. Hile drainage along the Roux-en-Y 
anastomosis can be visualized and bile stasis in the 
anastomosed intestinal segment or bile leak can be 
demonstrated. This procedure is safe, sensitive and 
diagnostic, the findings being pathognomonic for 
choledochal cyst. It is the authors’ opinion that 
99T'cm-diethyl-IDA (EHIDA) hepatobiliary imaging 
should be the initial diagnostic procedure and may 
perhaps be the only one necessary where there is 
clinical suspicion of choledochal cyst. 
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Nocardiosis 1s a disease found with increasing fre- 
quency in both normal and compromised hosts 
(Curry, 1980). The organism is a gram positive acid- 
fast bacterium of the genus aerobic Actinomyce- 
tacae. Nocardiosis has been described in association 
with neoplastic disease (Young et al., 1971), heart 
transplantation (Krick et al., 1975), and renal trans- 
plantation as well as in the normal population (Weed 
et al., 1955; Beaman et al., 1976). When confined to 
the lungs, with appropriate antibiotic treatment, the 
survival rate may approach 75%, (Palmer ef al., 
1974). However, when cerebral involvement is 
present, the prognosis is poor with a mortality rate 
approaching 87°, (Cupp et al., 1960; Hoeprich et al., 
1968). 


Cast REPORTS 
Case 1 
A 35-year-old white male underwent cadaver donor renal 
transplantation three years ago. Two years later, while still 
on immunosuppressant therapy, he developed back pain, 
malaise and subcutaneous nodules. Chest radiograph showed 
a left-sided lesion with pleural-extrapleural configuration 





Requests for reprints: Dr. J. H. Mann. 


eroding bone (Fig. 14) and nocardiosis was diagnosed histo- 
logically following a biopsy. The lesion was treated with 
combination therapy using Minocycline and Bactrim and 
resolved completely by September, 1980 (Fig. 18). The 
patient remained well for the following six months but then 
represented with headache. Neurological examination was 
normal. CT scan on March 31, 1981 revealed a right tem- 
poral low-density area with smooth ring enhancement after 
intravenous contrast medium (Fig. 2). The abscess was 
drained surgically and Nocardia were demonstrated micro- 
scopically and on culture. The patient died as a result of 
surgical complications. 


Case 2 
A 45-year-old white male underwent related living-donor 
renal transplantation 14 months ago. Five months later, 


while still receiving immunosuppressant therapy, he de- 


veloped cough, dvspnoea and a subcutaneous nodule in the 
left leg. Chest radiograph then revealed consolidation of the 
left lower lobe, a left hilar mass and pleural effusion. 
Nocardiosis was diagnosed histologically and for the follow- 
ing nine months the infection was treated with a combin- 
ation of Minocycline and Bactrim as well as monthly 
Amikacin pulses. On this admission he presented with 
Jacksonian motor seizures of the facial muscles and right 
hand. CT scan revealed multiple low density areas with ring 
enhancement after intravenous contrast medium (Fig. 3). 
Because of the multiplicity of the cerebral abscesses, surgi- 
cal drainage was not possible; medical treatment was con- 
tinued. The patient is still alive three months after the 
diagnosis of the cerebral abscesses. 
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A Fic. 1. Case T. H 
Regression of nocardial chest lesion with antibiotic treatment. 
(A) Left apical mass with pleural-extrapleural comfiguration and rib erosion. 


(B) A chest radiograph eight months later shows complete resolution of the mass and reconstitution of the 


rib. 
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Pic. 2. Case l. Cranial CT scan after contrast medium demonstrating mul- 
Cranial CT scan after contrast medium showing a large ring tiple ring enhancing lesions surrounded by vasogenic 
enhancing lesion in the right temporal region. oedema (arrows). 


1981, British Journal of Radiology, 54, 1109-1111 


DECEMBER 1981 


Case reports 


DISCUSSION 

Pulmonary nocardiosis has been described as the 
commonest primary site of involvement (73-77%) 
(Palmer et al., 1974). The most common secondary 
site of involvement is the central nervous system 
which is associated with an extremely high mor- 
tality rate. In a review of 50 cases of cerebral nocar- 
diosis from 1948 to 1970, Viroslav and Williams 
(1971) found only nine survivors. 

The most appropriate therapy today is thought to 
be with sulphonamides or, in allergic patients or 
where resistance to sulphonamides is demonstrated, 
with Minocycline (Curry, 1980). Drainage of cere- 
bral abscesses should be undertaken if surgically 
feasible. As the signs and symptoms of the disease 
are varied and non-specific, they often resemble 
those of other, more common diseases, The treat- 
ment of the latter differs from that of nocardiosis 
and, therefore, it is essential to establish an early, 
firm diagnosis. Nocardiosis should be considered in 
any immunosuppressed patient with the combin- 
ation of a pulmonary lesion and cerebral symptoms. 
Aggressive combined medical and surgical treat- 
ment should be instituted early. 

Radiographic evidence of improvement may be 
demonstrated on chest radiographs. However, in 
Case 1, in spite of disappearance of the pleuro- 
nocardiosis and the resolution of the associated rib 
lesion (Fig. 15), dissemination occurred six months 
later. 

In the second case systemic dissemination was 
demonstrated (Fig. 3), but due to the presence of 
multiple cerebral abscesses he was treated con- 
servatively. There are only two previous reports of 
patients that have survived with nocardial brain ab- 
scesses on medical treatment alone (Viroslav and 
Williams, 1971; Kirmani ef al., 1978). 


With the increased use of corticosteroids and im- 
munosuppressive agents in organ transplant pa- 
tients, nocardiosis is becoming a more common 
cause of cerebral disease. Early referral of these 
patients for cranial CT and radiological awareness of 
the diagnosis are necessary for correct identification 
of the characteristic areas of cerebritis and abscess 
formation. 
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A case of aneurysm of the splenic artery visualized by dynamic 


ultrasonography 


By L. Bolondi, M.D., P. Casanova, M.D., V. Arienti, M.D., S. Testa, M.D., S. Gaiani and 


G. Labo, M.D. 
Department of Medicine, University of Bologna, Italy 
(Received May 1981) 


The possibility of using ultrasound to visualize the 
coeliac axis and its main branches, the splenic and 
common hepatic arteries, has already been exten- 
sively documented (Carlsen and Filly, 1976; Filly 


and Carlsen, 1976; Goldberg and Perlmutter, 1977; 
Skolnick and Royal, 1976). Using real time equip- 
ment we have identified a spherical echo-free space 
close to the origin of the splenic artery in a patient 
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with undiagnosed abdominal pain. The ultrasound 
findings led us to suspect the presence of an aneur- 
ysm, which was subsequently confirmed, and surgi- 
cal removal relieved the patient's symptoms. We are 
unaware of any other previous case report of a 
similar aneurysm diagnosed by ultrasound, with the 
exception of a mycotic ancurysm of the hepatic 
(Sukerkar, 1977). Without 


tract from the decisive role of angiography in such 


artery wishing to de- 
cases we would like to emphasize the important con- 
tribution real time ultrasonography can sometimes 
make in the diagnosis of disorders involving small 
calibre abdominal vessels. 


CASE REPORT 
Y 41-year-old patient presented in December 1979 com- 
plaining of continuous central abdominal pain which was 
unrelated to meals but with 
casional vomiting and loss of weight. The patient had a pre- 


associated indigestion, OC- 
vious hospital admission for gastro-duodenoscopy when a 
luodenal ulcer was diagnosed and subsequently treated with 
imetidin and antacids. In our hospital an endoscopic 
examination was repeated and revealed the healed lesion. In 
iddition gastric dyskinesia and pylori 
impaired gastric emptving were noted 
An ultrasound examination was performed to exclude 


possible disease involving the liver, bile-ducts and pancreas. 


incompetence with 


lhe findings in these structures were essentially normal but 
| roundish structure approximately 2 cm in 
liameter was identified posterior to the left lobe of the liver, 
interior to the aorta and apparently related to the proximal 
portion of the splenic artery (Fig. 1, 24, B). Although we had 
| a similar case, careful examination of 
he surrounding structures demonstrated direct continuity 


transonk 


iot previously seen 


,etween the spherical lesion and the splenic artery. Asa re- 
sult of the se hndings, we established a pro^ istonal diagi OSIS 
of splenic artery aneurysm. Subsequent coeliac arteriography 
confirmed th« 3). The patient 
underwent surgery during which the aneurysm was found 


ultrasound diagnosis (Fig. 


Fic. 1. 
Transverse scan. The aneurysm (an) appears as a round 
transonic area anterior to the aorta and posterior to the left 
lobe of the liver. 1 — liver, a — aorta, vc — vena cava 


to be the size of a hazel-nut and was ligated both proximally 
and distally. Ten months after the operation the patient's 
symptoms showed considerable improvement. 


DISCUSSION 

Ultrasound examination usually allows visualiza- 
tion of the coeliac trunk at its point of origin from 
the anterior. wall of the aorta, a few millimetres 
superior to the origin of the superior mesenteric 
artery. Its anterior course can also be followed up 
to its division into the common hepatic, splenic and 
gastric arteries. Whilst the latter vessel is usually 
dificult to identify, the bifurcation into common 
hepatic and splenic is normally displayed on trans- 


verse scans as a typical "seagull's wings", “fountain 


$: 


jet or "Y-shaped" image. The hepatic artery then 
























B 
Fic. 2 
(A) Transverse scan. (B) Longitudinal scan. an — aneurvsm of 
the splenic arterv, a — aorta, | — liver, vc — vena cava. 
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Fic. 3. 


Selective arteriogram of the coeliac trunk. ‘The aneurysm 
can be seen (arrowed) close to the origin of the splenic 
artery. 


proceeds towards the right following the spleno- 
portal axis, whilst the splenic artery courses to the 
left in relation to the posterior and superior parts of 


the body and tail of the pancreas. In the absence of 


intestinal meteorism, it is now possible to follow long 
stretches of these vessels with real time imaging. 

The most common diseases displayed by ultra- 
sound as a transonic area close to the origin of the 
splenic artery were considered in the differential 





Book review 


Radiation Protection. lon Chambers for Neutron Dosimetry. 
Ed. by J. J. Broerse, pp. 350, 1980 (Harwood, London), 
$57.00. 
ISBN 3-7186-0048—A 

This monograph is based on a workshop held during 
September 1979 in Rijswijk and has the stated aim of re- 
viewing the current status of ion chambers and their use for 
neutron dosimetry. This it achieves well but suffers the dis- 
advantages of any such collection of papers in that the pre- 
sentations vary in quality and information is not always 
readily found and extracted. However, this is a very useful 


diagnosis of this case. Thus after a careful study of 
the relations between this area and adjacent organs 
we were first able to exclude the possibility of a 
small pancreatic cyst, followed by a segmental dila- 
tation of Wirsung’s duct, ectasia of the splenic vein, 
lymphadenopathy or gastric varices. However, the 
conclusive evidence in favour of aneurysm was 
visualization of the continuity between the mass and 
the splenic artery. 

In conclusion we would stress that dynamic ultra- 
sonography not only makes it easier to identify 
small vascular structures in the upper abdomen, 
thereby supplying accurate reference points for 
correctly identifying other organs (Weill et al., 
1977), but may also be of diagnostic help in diseases 
involving these vessels. 
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work and contains much information on ionization cham- 
bers and their operational characteristics not found else- 
where. Eight different chambers are discussed and review 
papers on kerma values, stopping power, W values and Au, 
the relative neutron sensitivity of photon dosemeters, are 
presented. The book also includes detailed discussions of 
many practical aspects of ion chamber measurements. As à 
reference work it will be of most benefit to workers in the 
field, and would be profitably read by those about to engage 
in neutron dosimetry, 

D. E. BONNETT. 
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(The Editors do not hold themselves responsible for opinions expressed by correspondents) 


Moloney's line 


THE Eprror—Sir, 

I can only presume that the absence of formal editing 
of letters allowed the communication by Drs. Karle and 
Hansen to be published in your journal (1981). The “new 
line” to which they refer is well-known by many skeletal 
radiologists and is usually referred to as Moloney’s line. I 
cannot provide an original reference, but the line was at- 
tributed to Moloney by Dorgan (1955) and is mentioned in 
detail in a standard textbook on fractures (Rockwood and 
Green, 1975). It cannot, therefore, be regarded as new, but 
perhaps some useful purpose will have been achieved by 
your correspondents’ letter, as ignorance of this line and its 
value may be greater than I had supposed. I should perhaps 
express the hope that the transthoracic view of the shoulder 
joint is nowadays being used very infrequently. 

Yours, etc., 
D. J. STOKER. 
The Institute of Orthopaedics, 
Royal National Orthopaedic Hospital, 
234 Great Portland Street, 
London WIN 6AD 
( Received August 1981) 
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(Note by Honorary Editor : Dr. Stoker may rest assured that 
formal editing of letters is invariably undertaken and the 
reasons for publication of Drs. Karle and Hansen's original 
letter have been correctly inferred in his penultimate sen- 
tence. His final sentence expresses a hope that we fully 
share.) 


CAuthors' reply) 


‘THe Epiror—sir, 

We thank Dr. Stoker for drawing our attention to the two 
references and notice that it is more than thirty years since 
Moloney described the same line in the shoulder joint on the 
transthoracic view alone. 

When we first became aware of the line-—on the frontal as 
well as on the transthoracic view, we did wonder why this 
line, principally so like Shenton’s line, had not been de- 
scribed before. We are glad that attention has been drawn to 
Moloney who evidently is not well known to all radiologists. 
As to the transthoracic view, we consider it preferable to the 
tangential projection, which is more difficult to interpret, 
and to the axial projection, which is more unpleasant to in- 
jured patients. 

Yours, etc., 

A. KARLE, 

E. B. HANSEN. 
Department of Radiology, 
Hvidovre Hospital, 
University Hospital of Copenhagen, 
DK-2650 Hvidovre, Denmark. 
( Received September 1981) 


Thiol radioprotection in vivo: the critical 
role of tissue oxygen concentration 


THE Eprron-—Sin, 

Lunec et al. (1981) have recently pointed out that when 
exogenous free thiols are added to cells they have a marked 
radioprotective effect on cells at an intermediate radio- 
sensitivity, and have less effect on aerobic radiosensitive 
cells or cn hypoxic radioresistant cells. The oxygen con- 
centratiom at which the maximum protection occurs cor- 
responds to the K value for these cells. They caution that a 
considerable radioprotection of tumours, as was reported by 
Rojas and Stewart (1981), at low radiation doses might be 
expected if tumour cells are at such an intermediate oxygen 
tension. j 

We have recently extended our tumour studies to low 
single doses of radiation and to fractionated treatments, 
where ceils at high to intermediate oxygen tensions should 
dominate the response. We have also studied the effects of 
varying oxygen concentration on the degree of radiopro- 
tection observed with the phosphorylated sulphydryl WR- 
2721 in normal mouse skin. Whilst the cautionary note 
struck by Lunec et al. (1981) is appropriate, our experi- 
mental data indicate that the critical oxygen tension at 
which maximum radioprotection is observed exists in nor- 
mal tissues rather than in tumours. 

Firstly, the large radioprotection (PF -—2.0) of a fibro- 
sarcoma that was reported by Rojas and Stewart (1981) at 
low radiation doses has not been observed in subsequent 
experiments on the same tumour. Much smaller protection 
factors (1.0-1.3) have been observed, even at low doses 
(Rojas and Stewart, in preparation). In a different tumour, 
the mammary carcinoma NT, similar small protection fac- 
tors (1.1-1.4) have been observed both with single doses 
and with two and five daily fractions, when reoxygenation is 
known to occur (Rojas and Denekamp, in preparation). The 
presence of marginally hypoxic cells in these tumours does 
not appear to lead to any marked radioprotection. 

Secondly, in skin reaction experiments on the foot of un- 
anaesthetized mice, the radioprotection with 400 mg/kg 
WR-2721 is significantly greater in animals irradiated in air 
(1.5) than in those irradiated in oxygen (1.2) (Stewart and 
Rojas, 1982). 

Finally, we have used the Withers epidermal clone 
system te look at the influence of a wide range of inhaled 
oxygen concentrations on the radioprotection achieved with 
WR-272) (Withers, 1967). Some of the data from these ex- 
periments are illustrated in Fig. 1. Animals were irradiated 
with 0.86 MeV electrons from a Van de Graaff generator, at 
a dose rate of 100 Gy (10 krad) per minute. The animals were 
exposed to the stated oxygen concentrations for 35-60 s 
before irradiation. It has previously been shown that 20 s in 
nitrogen gives full radioprotection (Denekamp et al, 1974). 
WR-272! was administered IP as a fresh solution in dis- 
tilled water 45-60 min before irradiation. Two things are 
apparent from Fig. 1. 'l'he skin of mice irradiated without 
the WR-2721 (open circles) becomes progressively more re- 
sistant as the oxygen content is decreased from 100°, to 0%, 
indicating that some loss of sensitivity occurs even with air 
or 10% oxygen. Secondly, the radioprotection by WR-2721 
is highest in air-breathing mice and is lower in mice 
breathing either 100°, oxygen or 1095 oxygen. There is 
virtually no protection in nitrogen. 

These data, together with others from the same experi- 
ments, are summarized in Fig. 2. The oxygen enhancement 
ratio has been plotted as a function of the oxygen content of 
the inhaled gas. The OER has been calculated as the ratio of 
the dose needed in 100% nitrogen without drug to that needed 
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Fig. 1. centration in the inspired gas. The "Kinsj" occurs at 13%, 


The survival of epidermal clones after irradiation of mice 
breathing different gases. The response to radiation alone 
(O) shows a progressive resistance as the oxvgen concen- 
tration is reduced from 100%. The oxygen line is repro- 
duced in each panel (without points) for comparison. The 
radioprotection observed with 400 mg/kg WR-2721 (€) is 
maximal in air, being smaller in 100% or 10% oxygen and 
non-existent in nitrogen. 


in the relevant gas phase to give the same proportion of islands 
regrowing. The inspired gas that gives half the full oxygen 
effect (which we have called Ain") is 13% oxygen. The 
maximum radioprotection is seen just above the transition 
region from fully sensitive to fully resistant; this might be 
expected if the oxygen supply is then barely adequate and 
the sulphydryls and oxygen are competing for fixation and 
repair of damage. The in vitro data from Cullen et al. (1980) 
showed a displacement of the oxygen K curves when the 
sulphydryl dithioerythritol was added, but it occurred at a 
40-fold lower oxygen concentration in the bubbled gas than 
in the inspired gas in vivo. Of course the “Kinsp” value gives 
no direct information about the local oxygen tension at the 
critical site within the epidermal cells, so these data cannot 
be directly related to the K values in vitro. 

We have considered the possibility that the high oxygen 
concentration “Kinsp in skin could be an artefact as- 
sociated with anaesthesia, method of restraint or induced 
hypoxia resulting from the high dose-rate. A dose-rate- 
induced hypoxia was reported by Hornsey (1970) for in- 
testine irradiated at 60 Gy min but was not observed in skin 
irradiated at 700 Gy /min (Field and Bewley, 1974). We have 
investigated the effect of nembutal anaesthesia and found it 
does not protect mouse skin. We have also repeated the clone 
experiments, using low dose-rate X rays (3 Gy/min) on un- 
anaesthetized, minimally restrained mice, and have seen 
no evidence of induced hypoxia in the electron-treated 
mice. 

The data presented here confirm that, in vivo, the precise 
oxygen concentration in tissues strongly influences the 
radioprotection achieved with sulphydryl compounds, and 
the maximum effect occurs in the transition region from 
hypoxic to oxic sensitivity. However, many normal tissues 
may already be much closer to the transition between oxic 
sensitivity and hypoxic radioresistance than is generally 
appreciated, as was suggested by Hendry (1979). This is im- 
plicit in the use of 5-795 oxygen to make bone marrow, gut 
and oesophagus radioresistant (e.g, Phillips and Ainsworth, 


oxygen. The protection factors for WR-2721 are indicated 

against each pair of points. The maximum sulphydryl pro- 

tection occurs in air and 5095 oxygen. O, radiation alone. 
e, with 400 mg/kg WR-2721. 


1969; Philips, 1969; Hornsey, 1972) but has not been 
demonstrated so clearly before. 

We believe these results have an important bearing on the 
role of both sulphydryl radioprotectors and electron- 
affinic radiosensitizers in influencing normal tissue damage 
from radiation. 

Yours etc., 
]. DzNEKAMP, 
B. D. MICHAEL, 
A. Rojas, 
F. A. STEWART. 
Gray Laboratory, 
Mount Vernon Hospital, 
Northwood, 
Middlesex HA6 2RN 
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Modification of gallium 67 citrate distribution in man 
following the administration of iron 


THE Epiror-——Sir, 

Smith and Dendy (1981) suggest that the intramuscular 
injection of an iron-sorbital citrate complex two hours 
before the intravenous administration of carrier-free 9'Ga 
citrate "enhances the lesion-to-background ratio and makes 
earlier imaging and diagnosis possible", We would suggest 
that neither the evidence they provide in their paper, nor the 
references they quote, justify these conclusions for the 
following reasons: 

(1) Their observations are uncontrolled except by "previous 
experience in this hospital", No data is given to indicate 
that any attempt was made to match even against 
historical controls, and no statistical support is given for 
their conclusions. 

(2) The probable mechanism of localisation of gallium in 
tumours requires gallium to be bound to transferrin 
(Larson, 1978). Iron displaces gallium from transferrin 
(Hara, 1974) and is therefore likely to reduce tumour 
uptake and accelerate excretion. This was confirmed by 
"Turner et al. (1979) who found that gallium uptake by 
mouse melanoma cells decreased as the iron content of 
the culture fluid was increased. Hammersley and Taylor 
(1980) did indeed find that iron reduced soft-tissue levels 
of $?Ga in mice, but significantly the tumour to normal 
tissue ratios were unchanged for most tumours. 

(3) Sephton and Martin (1980) gave iron about 3 h after the 
gallium with the intention of accelerating the excretion 
of circulating gallium. They found lower plasma levels of 
97(3a than in untreated patients but were unable to 
demonstrate that this affected diagnostic accuracy. 
Giving the iron before the gallium is unlikely to improve 
the ratio. Às Smith and Dendy have measured neither 
plasma gallium, plasma iron nor TIBC they are unjusti- 
fied in coming to any conclusions from their data. 

(4) The authors appear to have misunderstood the paper by 
Sephton and De Abrew (1979). The latter administered 
desferroxamine, a chelating agent which accelerates the 
excretion of trivalent cations. By administering this 
agent after the gallium they hoped to increase the excre- 
tion of gallium still circulating after uptake had occurred 
into tumour. In practice they found it had little effect on 
tumour-to-background ratios. Similarly unpromising 
results were obtained by Hurwitz et al. (1975) using 
EDTA. This suggests that “tumour bound gallium" is 
still exchangeable with circulating gallium. If this is 
indeed the case, other early manipulations of circulating 
gallium levels are unlikely to have more than a marginal 
or transitory effect. 

(5) The effect of carrier quantities of certain trivalent cations 
(ferric iron, scandium, indium, gallium) on the distribu- 


tion of gallium and other group III metals has been 
known for many years (Bruner et al., 1953), and was at 
one time used to obtain bone scans with gallium. There 
is a striking similarity between the authors’ figures and 
those of Hayes et al. (1965), which the latter interpreted 
as evidence that in the presence of carrier gallium acts as 
a bone scanning agent (although neither the present nor 
the previous authors actually measured tissue levels of 
radioactivity)! The effect of pretreatment with iron was 
first noted by Wright (1970) with indium, although the 
significance of this observation was not fully appreciated 
at the time (Merrick, 1975). 

(6) There are considerable variations between individual 
patients in the rate of excretion of gallium (Watson et al., 
1973). No data have been published on the range of 
variation to be found between the faecal and urinary 
routes or the factors which influence this. A priori iron 
saturation of transferrin is likely to be one of the deter- 
minants. In view of the extremely high specific activities 
of commercially available 9?Ga no consistent effect 

would be expected until TIBC is fylly saturated. 

There are therefore considerable theoretical grounds and 
much experimental evidence to doubt that iron will appreci- 
ably improve the tumour-to-background ratios with gallium. 
The anecdotal data provided by Smith and Dendy in no way 
alter this conclusion, and do not justify the administration of 
a drug which is not entirely free of the risk of serious side- 
effects. 

Yours, etc., 
F. A. M. Dou tt, 
M. V. MERRICK. 

Western General Hospital, 

Crewe Road, 

Edinburgh EH4 2XU, 

(Received July 1981) 
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{Authors reply) 


THe Eprron—Sin, 

The letter by Doull and Merrick on this subject is wel- 
come because it draws attention to the complexity of the 
mechanism by which 9?Ga citrate concentrates selectively in 
many human tumours. However, we believe it is an un- 
reasonable commentary on our work because it does not 
take into account the numerous pieces of evidence, many of 
which are to be found in the papers quoted by Doull and 
Merrick, supporting the action we have taken. 

For example Larson (1978) certainly suggested that 
localisation of gallium in tumours requires gallium to be 
bound to transferrin but this observation was based largely 
on in vitro studies. In the same article he implied that the 
uptake mechanism might be different im vivo by quoting the 
work of Hayes (1976) who had already shown that, when 
scandium was administered to animals simultaneously with 
67Ga citrate, there was rapid clearance of 9*Ga from soft 
tissues but uptake into tumours was not greatly affected. 
Thus there was a relatrve improvement in the tumour/ 
non-tumour tissue ratio. The effects of iron on 97Ga uptake 
are very similar to those of scandium and in an abstract 
submitted to the International Symposium on Gallium & 
Related Elements (Banff Springs, September 1980) Sephton 
stated that "very few analogies with Fe are perceived in 
976a distributions in vivo—moreover the principal cell 
culture findings seem almost irrelevant in this context”. 

The latest paper from Hayes et al. (1981) shows that 
administration of IV iron citrate or IM imferon or IV 
scandium citrate will reduce gallium uptake into normal soft 
tissue but not into tumour. This is strong evidence that 
873a citrate binds to tumour by a mechanism which differs 
from that by which it binds to normal tissues, with trans- 
ferrin binding being heavily involved in the latter but not in 
the former. 

Hayes et al. (1981) propose a model involving reversible 
diffusion of 9?Ga into tumour but followed by irreversible 
binding. Sephton and De Abrew (1979) also concluded that 
973a was irreversibly bound to tumour by 24 h, and this is 
supported by our observations on a few patients scanned at 
24, 48 and 72 h, where we have never seen appreciable loss 
of activity from tumour deposits. 

Finally, Hayes et al. (1981) worked with the 5123C 
Morris hepatoma in rats, the only animal tumour to our 
knowledge that shows a degree of 97Ga avidity comparable 
th that frequently observed in humans. Hammersley and 
Taylor (1980) used animal tumours which showed much less 
gallium avidity. Nevertheless, they did find small improve- 
ments in the tumour-to-soft tissue ratio for three of the four 
tumours at 4 h after iron treatment and commented that 
“the tumour levels of *?*Ga are relatively less affected by the 
administration of iron than are other tissue "Ga concen- 
trations”, Furthermore Hammersley and Taylor found that 
prior injection of iron generally gave the greatest effect. 
This also supports the protocol we have adopted. 

Thus, contrary to the implications of the above letter, we 
maintain that there are well documented laboratory findings 
that in vivo uptake of ®7Ga can proceed efficiently in galium- 
avid tumours even when 9'Ga transport by circulating 


transferrin has been largely abolished. If uptake of 9?Ga 

into normal tissues is inhibited by iron saturation, improved 

tumour/background ratios will ensue. 
Turning to our own, ongoing, clinical experience, 

(1) A report based on 147 patients can hardly be called 
“anecdotal”. 

(2) We have rejected as ethically unacceptable the most 
stringent trial, which would be to perform the galium 
scan twice on the same patient, once with and once 
without Jectofer. 

(3) Under the circumstances, comparison with a previous 
series in our own hospital seems reasonable since the 
disease spectrum of patients referred for gallium scan- 
ning varies markedly from one centre to another and 
this can have a big effect on diagnostic accuracy. 
Statistical analysis would have implied a more rigid com- 
parison than we consider justified at the present time. 

(4) Merrick and Doull omit to mention that we did take a 
blood sample from each of 36 patients in our preliminary 
study (Smith et al., 1980) and made careful measure- 
ments of plasma iron, percentage iron saturation of 
plasma transferrin and ®’Ga clearance from the blood. It 
was not considered justified to take blood samples in the 
larger series. 

(5) The fifth point of the letter by Merrick and Doull seems 
irrelevant. All reports, including our own detailed 
studies on gallium distribution in animals (Pocklington, 
unpublished data), confirm that in the presence of excess 
iron there will be increased uptake of 9*Ga into the 
skeleton. 

(6) All patients are screened carefully for contra-indications 
to Jectofer which is not administered in doubtful cases. 
To date over 300 patients have been rendered hyperfer- 
raemic in this way with no adverse reactions. 

(7) A study is currently in progress of the urinary clearance 
of *?Ga in patients who have received Jectofer. 

(8) Since introducing the Jectofer procedure, requests for 
67Ga scans have increased from 55 during the first six 
months of 1979 to 88 during the first 6 months of 1981, 
so our “customers”, the referring clinicians, seem well 
satisfied with the accuracy of the service we are pro- 
viding. The saving in time between the request for a 
875a examination and a report is also appreciated. 

Yours, etc., 
F. W. SMITH, 
P. P. DENDY. 

Department of Bio-Medical Physics and Bio-Engineering, 

University of Aberdeen. 

(Received September 1981) 
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Use of ultrasound to measure the lumbar 
spinal canal 


THe Eprron-—Sin, 

After two-years' clinical experience with symptomatic and 
volunteer patients, I find I am in firm agreement with 
Stockdale and Finlay's (1980) original communication on 
this subject. Attempts in this department both at adherence 
to Porter's et al. (1978) original protocol and modifications of 
this have shown that in any given patient there is no unique 
“oblique sagittal’? dimension to measure. The problem is 
compounded if the scanning position is changed to give 
optimal images. Further, the essentially mid-line “window” 
into the lumbar canal (the interlaminar space), due to 
lumbar lordosis, becomes further from the skin as one scans 
down the lumbar spine. Hence, angulation of the transducer 
toward the mid-line, and scanning along a line, say 1 cm 
away from but parallel to the mid-line, will result in measure- 
ments of the canal diameter being made progressively to- 
ward the opposite side. À narrow measurement at one level 
may therefore indicate a contralateral lesion. The not in- 
considerable beam-width of typical transducers necessary to 
image the depths involved will also add uncertainty. A 
measurement may be reproducible (Ottewell and Howells, 
1981) but may not, in fact, be clinically useful, or even 
necessarily a measurement of the anatomical site imagined. 

Much of the spinal canal is in the acoustic shadow of 
laminae, and significant focal pathology will be missed as 
this cannot be interrogated by the examining beam, Finally, 
but related to the above problem, the interlaminar space 
narrows with age and it is often impossible to obtain satis- 
factory measurements through this "keyhole" in elderly, 
symptomatic patients. I believe that these difficulties and 
those referred to elsewhere indicate that this technique 
using present-day general-purpose equipment can have 
little place in the work-up of the symptomatic patient, and 
the investigation has been abandoned in this department. 

Yours, etc., 

B. E. CHATTERTON, 

Division of Nuclear Medicine, 
Institute of Medical and Veterinary Science, 
Ultrasound Service, 
Royal Adelaide Hospital, 
North Terrace, 
Adelaide, South Australia 5000. 
(Received September 1981) 
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‘THE Eprron-— Sin, 

The letter of Nachemson and Asztély (1981) is a useful 
contribution to the debate on ultrasound scanning of the 
lumbar spane. 

Whether the “debate has lost its structure" is difficult for 
us to assess, but we do agree with the distinctions that they 
draw between the quality of the recorded values and their 
clinical usefulness. They are separate topics but one cannot 
appreciate the true role of this or any other diagnostic tech- 
nique in clinical medicine without a realistic knowledge of 
artefacts. Our intentions are to highlight such artefacts so 
that potential users can put it in its true perspective. 

We do not consider that the doubts expressed by various 
authors regarding the accuracy and reproducibility of the 
results will be satisfactorily settled by deducing the primary 
echo-generating interfaces, Of the echogenic interfaces in 
and around the lumbar neurocanal, we would expect that 
the bonej;soft tissue interfaces will generate more intense 
echoes than cerebrospinal fluid/soft tissue boundaries. We 
need to see their results on autopsy specimens in print in 
order to comment correctly on their suggestion. 

Regarding the present clinical usefiflness of the technique, 
we concur with their scepticism on its use as a diagnostic 
agent in individual patient management. 

The peint made by Nachemson and Asztély on the sub- 
ject of the epidemiological assessment of the different cate- 
gories of spinal geometry is correct. If individuals can be 
separated into those with a narrow canal and those with a 
broad canal, then assuming that the subjective systematic 
errors do not significantly alter, the random errors associ- 
ated with the measurements will tend to cancel out if 
sufficiently large numbers of individuals are studied in each 
group. Consequently, differences will be indicated between 
the groups but because of the presence of significant system- 
atic errors, little faith can be placed in the absolute values 
recorded. ‘The origins of these errors are discussed elsewhere 
(Finlay e£ al., 1981). 

Yours, etc., 

H. R. STOCKDALE, 
Medical Physics Department, 
City Hospital, 
Nottingham NG5 IPB. 

D, FINLAY. 

X-ray Department, 
Royal Infirmary, 
Leicester, 


(Received September 1981) 
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Radiobiology work-in-progress: hyperthermia 
Abstracts of papers presented at the meeting held on Friday, May 22, 1981 


at The British Institute of Radiology, 32 Welbeck Street, London W1M 7PG 


Chairman: Professor R. J. Berry 


The effects of hyperthermia on the non-proliferating cells of mouse intestinal mucosa, by S. P. Hume, J. C. L. Marigold and 


A. 8S. Michalowski. 


Role of low pH, lactic and beta-hydroxybutyric acids in cell killing by hyperthermia, by J. Lunec, R. Parker and S. R. Cress- 


well. 


The influence of hyperthermia on tumour blood flow and hypoxic cell fraction, by F. A. Stewart and A. C. Begg. 
Effects of the combination of hyperthermia with cytotoxic agents on normal mouse bone marrow, by D. J. Honess and 


N, M. Bleehen. 


Induction of thermal resistance by fractionated hyperthermia, by M. P. Law, S. B. Field, R. G. Ahier and S. Somaia. 
Does local hyperthermia increase the incidence of distant metastases? Data for five mouse tumours, by Sally A. Hill and 


Juliana Denekamp? 


The assessment of unwanted radiation around RF inductive applicators, by P. Carnochan and C. H. Jones. 
Radiofrequency diathermy for heating mouse tumours, by M. C. Joiner, B. Vojnovic and R. Davies. 
Equipment for the clinical application of hyperthermia, by P. B. Dunscombe, B. M. Southcott, K. Gammampila and A. J. 


Stacey. 


Hyperthermia in the clinic, by B. M. Southcott, P, B. Dunscombe, K. Gammampila and A. J. Stacey. | 
Microwave-induced intracavitary hyperthermia for carcinoma of the cervix, by J. W. Hand, P. R. Blake, H. E. Lambert and 


5. B. Field. 


THE EFFECTS OF HYPERTHERMIA ON THE NON- 
PROLIFERATING CELLS OF MOUSE INTESTINAL MUCOSA 


By S. P. Hume, J. C. L. Marigold and 
A. Michalowski 


MRC Cyclotron Unit, Hammersmith Hospital, 
DuCane Road, London W12 OHS 


The effects of local hyperthermia on different components of 
mouse intestinal mucosa have been investigated. The in- 
testine was heated by immersion in Krebs-Ringer solution at 
various times after intraperitoneal injection of ?H-thymidine 
and thermal injury was assessed by measuring loss of label. 
The results have been compared with histological observ- 
ations and also with earlier data on crypt loss. 

Heating at 42°C for up to one hour had no observable 
effect. When the intestine was heated at 43°C, 14 hours after 
labelling, the loss of label was very similar to the loss of 
crypts with regard to both the degree and the time over 
which the response occurred. The threshold heating time to 
cause an effect was between 20 and 30 min and the response 
was complete by 6-8 h after treatment. 

If, however, intestine was heated at 43°C either 65 or 72h 
after injection of ?H-thymidine, the threshold heating time 
to cause an effect was between ten and 20 min. The loss of 
label was not accompanied by crypt damage (for example, 
50%, of radioactivity could be lost without any correspond- 
ing loss of crypts). 

Both histological examination and the labelling experi- 
ments indicate that the non-proliferative cells of intestinal 
mucosa lining the lumen are much more susceptible to 
thermal injury than the crypt cells. Thus, although crypt 
loss may be used in the assessment of thermal damage to 
small intestine, the data would be an underestimate of early 
mucosal injury and the functional integrity of the intestine, 


*No reprints of these Proceedings are available. 


ROLE OF LOW PH, LACTIC AND BETA- 
HYDROXYBUTYRIC ACIDS IN CELL KILLING BY 
HYPERTHERMIA 


By J. Lunec, R. Parker and S. R. Cresswell 


MCR Cyclotron Unit, Hammersmith Hospital, 
DuCane Road, London W12 0HS 


Studies were made of the effects of variation in pH, and of 
the acid metabolites lacticacid and B-hydroxybutyric acid, on 
the response of various cell lines to heat treatment. 

For a given set of handling conditions and method of pH 
adjustment, the influence of pH on cell killing by hyper- 
thermia varied considerably between cell lines. In general the 
increased sensitivity to heat at low extracellular pH was much 
greater at 42°C than 44°C. A major contribution to the in- 
creased pH effect at 42°C was the inhibition or delay of the 
development of thermal tolerance during heat treatment. 

Intracellular pH was estimated by measuring the par- 
titioning of the labelled weak organic acid 5,5-dimethyl- 
2,4-oxazolidinedione (DMO) between the inside and the 
outside of the cells. When the pH of the medium was lowered 
from 7.4 to 6.7 a reduction in intracellular pH was found for 
all the cell lines studied. T'here was no correlation between 
the extent of reduction in intracellular pH and the effect of 
extracellular pH on the sensitivity of the cells to heat treat- 
ment, 

The effect of pH on cell killing by hyperthermia at 42°C 
or 44°C was the same whether the pH of the medium was 
lowered by reducing the amount of sodium hydroxide or by 
adding the physiologically relevant metabolites, L-lactic 
acid and B-hydroxybutyric acids, All methods of reducing 
the pH of the medium reduced the intracellular pH to the 
same extent. 
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THE INFLUENCE OF HYPERTHERMIA ON TUMOUR 
BLOOD FLOW AND HYPOXIC-CELL FRACTION 


By F. A. Stewart and A. C. Begg 


Gray Laboratory, Mount Vernon Hospital, Northwood, 
Middlesex HA6 2RN 


The thermal enhancement ratio (TER) for combined heat 
and X rays in a murine sarcoma (Sa FA) was 1.5-1.7 for 
single doses with 42.5°C applied for 1 h immediately after X 
rays. This TER was reduced in fractionated treatments to 
1.0 for two daily fractions and 1.1-1.3 for five fractions. 
Changes in tumour blood flow and hypoxic-cell fraction 
have been investigated as possible reasons for the observed 
reduction in TER with fractionation. 

Relative tumour perfusion was measured using the 59Rb 
extraction technique. Relative perfusion was significantly 
decreased over the period 1~3 days after heating (42.5°C for 
1 h}, returning to normal by seven days. 

Hypoxic-cell fractions were estimated for heated and un- 
heated tumours by comparing dose-response curves for 
growth delay using oxic and clamped (hypoxic) tumours. 
There was an indication of an increased hypoxic fraction 
24 h after heating. 

These data suggest that a decreased tumour blood flow 
and increased hypoxic fraction occurred 24 h after a single 
heat treatment of 42.5°C for 1 h. Therefore both factors 
probably contributed to the observed decrease in radiation 
sensitivity of the tumour after heating, resulting in the small 
TER seen for fractionated treatments of X rays plus heat. 


EFFECTS OF THE COMBINATION OF HYPERTHERMIA 
WITH CYTOTOXIC AGENTS ON NORMAL MOUSE BONE 
MARROW 


By D. J. Honess and N. M. Bleehen 


MCR Unit and University Department of Clinical Oncology 
and Radiotherapeutics, Hills Road, Cambridge CB2 200 


A limiting toxicity of several cytotoxic agents, whose 
tumouricidal effects are enhanced by hyperthermia, is to the 
bone marrow. The effects of combining heat with cyclo- 
phosphamide (Cyclo) or BCNU on normal, undifferentiated 
mouse bone-marrow stem cells were studied using the spleen 
colony-forming assay developed by Till and McCulloch 
(1961). Survival was assayed at two hours and 24 h after 
treatment. Unanaesthetized, unrestrained C3H/He mice were 
given whole-body hyperthermia for 45 min at a rectal tem- 
perature of 41+-0.2°C by enclosing them in an incubator. 
Stem-cell survival was unaffected by heat alone. Drug doses 
were chosen to give a reduction in survival of up to one 
decade at room temperature, and drugs were given IP at the 
start of heating. 

For Cyclo, the dose-response curve for unheated mice 
with doses up to 200 mg/kg was exponential after an initial 
shoulder when assayed at two hours and was exponential at 
24 h. Heat increased the damage at doses above 100 mg/kg 
when assayed at two hours and at all doses when assayed at 
24 h; however, for 200 mg/kg, the increase was of the same 
order at both assay times. The dose-reponse curves for 
BCNU (unheated mice) with doses up to 60 mg/kg were 
exponential whether assayed at 2 hours or 24 h, and heat 
potentiated damage at all doses, but potentiation was much 
greater when assayed at 24 h than at two hours. 

These data indicate the need for directly comparable 
tumour data to allow therapeutic ratios to be estimated for 
the combined treatments. 
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INDUCTION OF THERMAL RESISTANCE BY 
FRACTIONATED HYPERTHERMIA 


By M. P. Law, 5. B. Field, R. G. Ahier and 


S. Somaia 


MRC Cyclotron Unit, Hammersmith Hospital, 
Du Cane Road, London W12 0HS 


Hyperthe: mia either alone or in combination with radio- or 
chemotherapy is already being used in fractionated regimens 
to treat human tumours. Although it is known that a single 
heat treatment induces resistance to subsequent hyper- 
thermia in cells and tissues, there is little information about 
the effects of more than two heat treatments. 

'The response of the mouse ear to multiple heat treatments 
at 43.5 C was investigated. Hyperthermia was achieved by 
immersing the ears in heated water. The effect of 1—10 
priming treatments was measured by determining the 
duration of a subsequent test treatment required to cause 
necrosis ia 50?4 of the ears heated. 

A single priming heat treatment, which itself caused no 
detectable effect, induced transient resistance to the test 
treatment. ''he maximum effect was observed 22 h after a 20 
min priming treatment, when the test treatment had to be 
increased by a factor of 2.4 compared with a single heat 
treatment (Law et al., 1979), 

To test if resistance could be increased by subsequent 
hyperthermia, a second priming treatment was given at the 
time of maximum resistance, z.e. one day after a 20 min 
treatment. À second treatment of 70 min, which caused no 
visible effect in resistant ears but which would cause necrosis 
if given as a single treatment, was used. Resistance after the 
two priming treatments was similar in both magnitude and 
time course to that observed after a single 20 min priming 
treatment. 

Resistance induced by several 20 min priming treatments, 
given at daily intervals, was measured by giving a test dose at 
24 h after the last priming treatment. Two, five or ten treat- 
ments induced the same degree of resistance as that in- 
duced by one 20 min treatment. 

These results indicate that the maximal thermal resistance 
induced by a single heat treatment is not further increased 
by giving repeated daily treatments. 


REFERENCE 
Law, M. P., CourTAs, P. G. and Fero, S. B., 1979. In- 
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DOES LOCAL HYPERTHERMIA INCREASE THE INCIDENCE 
OF DISTANT METASTASES? DATA FOR FIVE MOUSE 
TUMOURS 


By Sally A. Hill and Juliana Denekamp 


Gray Laboratory, Mount Vernon Hospital, Northwood, 
Middlesex HAG 2RN 


Local hyperthermia may increase the probability of local 
tumour control, but it has been suggested that it might also 
enhance the spread of disease, At present, the data available 
in the literature are conflicting. 

We have performed two types of study; a retrospective 
analysis of data obtained incidentally from regrowth delay 
experiments, and prospective studies designed specifically to 
investigate the effect of heat on the incidence of lung meta- 
stases. In the first case tumours were treated with a range of 
palliative doses of X rays either alone or in combination with 
heat (428°C for one hour) Since tumours regrew at 
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different times according to the effectiveness of the treat- 
ment, some animals may have been killed before meta- 
stases had time to grow to a macroscopically visible size. 
Only one tumour, out of five, showed a significantly in- 
creased incidence of metastases, 7.e. one out of the 17 treat- 
ment schedules used; this was the CA SQ D, when heated 
immediately before irradiation. 

The prospective studies were designed to give local con- 
trol of the primary tumours. Neither heat applied im- 
mediately before or after irradiation of the CA SQ D re- 
sulted in a significant change in incidence of metastasis. 
However, whole-body heating did produce a marginally 
significant increase. Fractionated hyperthermia (four heat 
doses--curative radiation) also resulted in no significant 
change in the metastasis frequency of the SA F. 

These data would suggest that local heating combined with 
radiation does not result in an increased risk of metastatic 
spread. 


THE ASSESSMENT OF UNWANTED RADIATION AROUND 
RF INDUCTIVE APPLICATORS 


By P. Carnochan and C. H. Jones 


Physics Department, Royal Marsden Hospital, 
Fulham Road, London SW3 


During the development of clinical hyperthermia systems 
which utilize electromagnetic fields and waves, attention 
must be paid to the possible exposure of operating personnel 
and nursing staff to potentially harmful levels of electro- 
magnetic radiation. It is also important, where localized 
hyperthermia is intended, to assess the effects of electro- 
magnetic fields induced in regions surrounding the treat- 
ment volume, and where indicated to evaluate screening 
methods by which such effects may be minimized. 

Currently accepted and proposed American and West 
European guidelines for safe exposure are based upon the 
thermogenic effects of acute whole-body plane-wave irradi- 
ation, Serious problems of interpretation arise when near- 
field exposure is considered, as is necessary for RF inductive 
heating. Furthermore, measurements of the exposure field 
cannot always be expected to correlate with fields induced 
within body tissues. However, where the predominant bio- 
effects are connected with RF magnetic fields, useful in- 
are can be obtained from a survey of the exposure 

eld. 

Using a Narda model 8602 broadband radiation monitor 
incorporating an isotropic probe sensitive to magnetic fields, 
a survey has been made of the area surrounding a prototype 
27 MHz inductive heating system based on modified short- 
wave diathermy apparatus. Sources of RF current making 
significant contributions to the exposure field have been 
identified. 

From the data obtained it can be concluded that the ex- 
posure regions of greatest significance from a safety point of 
view are highly non-uniform and indicate that exposure to 
levels in excess of current safety guidelines is likely to be 
correspondingly localized. 

Considering the large size of the Narda magnetic-field 
probe compared with field divergence, accurate quantifi- 
cation of the fields in regions corresponding to those close to 
intended treatment volumes was not possible. Measure- 
ments taken indicate the usefulness of a closer study of these 
regions using a smaller anisotropic probe, which would be 
used to evaluate screening materials employed to reduce the 
magnitude of fields likely to be induced in tissues not 
adapted to large amounts of thermal stress. 


RADIOFREQUENCY DIATHERMY FOR HEATING MOUSE 
TUMOURS 


By M. C. Joiner, B. Vojnovic and R. Davies 


Gray Laboratory, Mount Vernon Hospital, Northwood, 
Middlesex HA6 2RN 


Temperature differences of up to 2°C have been reported 
within tumours heated by immersion in hot water. Radio- 
frequency (RF) diathermy is being developed to obtain more 
uniform heating. We have found that RF electric fields 
(27.12 MHz) together with immersion in warmed electrolyte 
gives the most uniform temperature distributions across 
tumours implanted intramuscularly in mouse limbs. 

RF voltage was applied to a pair of parallel, circular (2 cm 
diameter) copper plates. The tumour-bearing leg was 
heated between the plates which were electrically coupled to 
the tissue by ECG jelly, or by weak saline (0.04394 w/v) 
which was found to be approximately electrically equivalent 
to tumours at 27 MHz. 

With the RF field turned off, temperatures were measured 
simultaneously at six points in each tumour. A single fine 
probe (0.5 mm diameter) has been constructed to do this, 
consisting of six thermocouple junctions at 1.5 mm intervals. 

Tumours were initially heated by RF only, using ECG 
jelly for electrode-tissue coupling, and the temperature at 
the tumour core could be raised by 44^C within five minutes 
using an applied field of 1 W cm-?, However, temperatures 
in the tumour periphery remained 15-20?C lower; the 
temperature measured at the skin was close to ambient 
(18°C). 

When RF heating was combined with immersion in weak 
saline bolus, the temperature differential was reduced to less 
than 1°C. This was further improved to --0.15*C by circu- 
lating pre-heated saline around the immersed leg. 

The effect of blood flow was assessed by killing animals 
in situ during heating. The cessation of blood flow led to 
an increase in tumour-core temperature by appoximately 
2°C when heating by RF or hot-water immersion. 

Temperatures in individual tumours varied with time by 
up to 3°C during one hour heat treatments if the RF was 
applied at a constant power. A thermostatic control unit to 
modify the power to each tumour in a multi-irradiation set- 
up is under development to overcome this problem. 


EQUIPMENT FOR THE CLINICAL APPLICATION OF 
HYPERTHERMIA 


By P. B. Dunscombe, B. M. Southcott, 
K. Gammampila and A. J. Stacey 


Charing Cross Hospital, London W6 SRF 


A commercially available microwave generator has been 
modified to provide equipment suitable for the hyper- 
thermic treatment of malignant disease. The applicator is a 
TEio waveguide employing water as a dielectric. Such a 
technique allows the 434 MHz beam to be restricted to a 
cross section of 8 x 4 cm. The large degree of skin heating 
which is a consequence of localized microwave irradiation is 
offset to some extent by forced-air convective cooling. This 
approach has been shown both theoretically and experiment- 
ally to be effective. Temperatures can be measured at two 
sites. 

Skin temperature is measured with a thermocouple 
stretched across the end of the guide. Tumour temperature 
is monitored with a thermocouple housed in a 0.5 mm 
diameter steel needle. Although a small artefact is apparent 
when these thermometers are used in the presence of the 
microwave beam, this is not due to localized heating of the 
probes and has not been found to be a major disadvantage of 
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the equipment. 'The equipment has been assessed with the 
aid of a tissue-equivalent phantom and an indication of the 
temperature profiles likely to be produced im vivo has been 
obtained. 


HYPERTHERMIA IN THE CLINIC 


By B. M. Southcott, P. B. Dunscombe, 
K. Gammampila and A. J. Stacev 


Charing Cross Hospital, London W6 SRF 


À review of current experimental data relating to the possible 
therapeutic effects of hyperthermia in the treatment of can- 
cer emphasizes the difficulties in extrapolating from the ex- 
perimental to the clinical situation and the need for early 
clinical studies. Equipment producing local microwave 
hyperthermia (434 MHz) has been used in a pilot study with 
eight patients. 

Four of these had carcinoma of the breast and four, soft- 
tissue sarcomas. Three of the sarcoma group had radio- 
therapy concurrently. In each case heat was applied for 30 
min once weekly. À total of 45 separate treatments was given 
during which tumour and skin temperatures were monitored 
continuously with thermocouple probes. The equipment 
performed reliably, was easy to use and the treatment was 
acceptable to the patients. The average temperatures of the 
tumour and skin were 45.0" and 42.0 C respectively. 

'The results of treatment were difficult to interpret in this 
small heterogeneous group lacking controls but, of the five 
patients receiving heat alone, one had a complete response, 
two had partial responses and two had no response. This 
rather poor response rate was probably due to under- 
treatment. 

A previous study with pigs suggested that with relatively 
short treatment times a temperature of at least 47.5 C. is 
needed to produce significant cell kill. 


Radiology of the colon 


MICROWAVE-INDUCED INTRACAVITARY HYPERTHERMIA 
FOR CARCINOMA OF THE CERVIX 


By *J. W. Hand, *tP. R. Blake, TH. E. Lambert, 
*S. B. Field and 1]. W. Hopewell 


*MRC Cyclotron Unit and t Department of Radiotherapy, 
Hammersmith Hospital, Du Cane Road, London W12 OHS 
and 
tReseerch Institute, Churchill Hospital, Headington, 
Oxford OX3 ILJ 


Carcinoma of the cervix is increasing in incidence. Since 
more early-stage disease is seen now than in the past, the 
failure of local control is becoming a more frequent problem 
despite improvements in the accuracy of staging and radio- 
therapy planning. 

It is thought that squamous cervical tumours contain a 
high proportion of hypoxic cells; hyperthermia may, there- 
fore, prove to be a useful treatment. ‘There are reports in the 
literature of the use of electromagnewc waves to raise the 
temperature in this site (e.g. 434 MHz external applicators 
and radiofrequency heating by interstitial electrodes). In 
several early clinical studies favourable responses have been 
observed in tumours treated by hyperthermia in combin- 
ation with radiotherapy. 

We have designed microwave applicators that can be in- 
serted into the standard plastic afterloading tube used with 
linear caesium sources for conventional intracavitary treat- 
ment. These applicators operate at frequencies of 800-1000 
MHz and use a dielectric encapsulated dipole as the radiat- 
ing element. Temperatures are measured by fine-wire 
thermocouples incorporated into the afterloading tube. In 
clinical use the device will be inserted into the afterloading 
tube, without further trauma to the patient, approximately 
four hours after intracavitary radiotherapy. 

A description of these applicators was given and the re- 
sults of preclinical tests in phantom materials and pigs were 
presented. 


Abstracts of papers presented at a meeting held on Thursday, May 14, 1981 at The British Institute of Radiology, 


32 Welbeck Street, London W1M 7PG. 
Chairman: Dr. H. B. Meire 


Colonic radiology-—what the surgeon needs to know, by C. Wastell (no abstract recerved)). 


When enema, when endoscopy, by C. B. Williams. 
What tvpe of enema and when, by C. I. Bartram. 


WHEN ENEMA, WHEN ENDOSCOPY 
By C. B. Williams 
St. Mark's Hospital, City Road, London ECI 


Barium enemas are easy to perform but often difficult to 
interpret. Colonoscopy is easy to interpret because of colour 
and the employment of biopsy techniques; however, even 
in expert hands, 25°, of colonoscopies are technically very 
difficult and most patients require some sedation. Fibre- 
sigmoidoscopy without sedation can reach the splenic flexure 
in 50% of cases, thus covering the problem area for the 
radiologist, the sigmoid colon—-so often tortuous or affected 
by diverticular disease. Studies in 300 patients having colon- 
oscopy with COs for rapid gas absorption, followed by 
immediate barium enema, show that by combining fibre- 
sigmoidoscopy immediately before barium enema the diag- 


nostic aceuracy of X ray is equal to that of colonoscopy, 
which tends to miss lesions in the capacious right colon. 

Certain patients are well suited to colonoscopy as the 
primary procedure, especially those where any abnormality 
is likely tø be minor and therefore radiologically invisible, or 
where biopsies are essential; additionally, patients with a 
high probability of polyps can gain the advantage of im- 
mediate polypectomy. Thus, we suggest primary colon- 
oscopy for small children with possible inflammatory bowel 
disease, screening examinations for polyposis or follow-up 
of chronic colitis at high cancer-risk, patients with continued 
rectal bleeding or persistent iron deficiency anaemia of 
gastrointestinal origin. 

There should be a working relationship between prac- 
titioners of colonoscopy and enthusiasts for the barium 
enema, such that each patient gets the examination for which 
he is best suited, either from experience of previous examin- 
ations or by clinical indication, 


1120 


DECEMBER 1981 > 


Proceedings of The British Institute of Radiology 


WHAT TYPE OF ENEMA AND WHEN 
By C. I. Bartram 
St. Mark’s Hospital, City Road, London ECI 


The double contrast barium enema (DCBE) is now estab- 
lished as the ideal method for the radiological study of the 
colon and rectum. Bowel preparation, barium suspension, 
the amount given, rectal drainage, method of air insuffla- 
tion, film sequence and positioning are critical factors in 
achieving an examination of technical excellence, which will 
provide the maximum information possible. The image may 
be degraded by overlapping loops, residue or barium arte- 
facts, but most frequently by excess barium pooling in 
dependent parts. The accuracy of any film can be judged 
from how much of the bowel is seen in double contrast. 
Where there is pooling of barium the accuracy is down- 
graded to that of single contrast. Comparisons with colon- 
oscopy show that significant lesions, adenomas more than 7 
mm in size, are liable&o be missed in the following situations: 
(1) in the sigmoid colon, especially when affected by 
diverticular disease; (2) in redundant loops; (3) close to the 
ileo-caecal valve; and (4) in the hepatic flexure. 

The examination of the colon when the rectum has been 
removed is much more difficult as there are problems in 
forming an effective seal with a colostomy, and retrograde 
filling of the bowel induces marked peristalsis. Cleansing 
water enemas are particularly difficult in these patients. IV 
relaxants are essential to allow filling with barium and air 
and to obtain sufficient distension of the bowel. 'T'he quality 


Book review 


A History of X Rays and Radium. By R. F. Mould, pp. 100, 
1980 (Building & Contract Journals Ltd., Sutton, Surrey), 
4.1295: 

ISBN 0-617-00355-6 

This is a “fun” book. The reviewer usually has to derive 
his pleasure from his interest in the subject of a book, and 
occasionally from an exciting idea or an elegant present- 
ation. In this case Dr. Mould has provided a rare and un- 
expected entertainment. The book provides the same kind of 
excitement in discovery as the better sort of comics did, 
when we had not long learnt to read. Like the comic, the 
pages do not seriously have to be taken in sequence. Open 
the book at almost any point and a jumble of fascinating 
historical pictures and interesting snippets of information, 
each a complete story in itself, are laid out attractively in the 
mellow tones of the old sepia prints. 

The author has in fact collected together in one volume 
an unusual miscellany relating to the discovery and early 
use of X rays and radium, covering a period of some 40 
years. The first chapters deal in a fairly anecdotal manner 
with the major historical events and investigations. The 
scholar will be a little disappointed if he takes the title at its 
face value and expects a systematic and critical review. 
Others will be less concerned. There is a unique chapter 
describing the development of the units, such as the Ruther- 
ford, the uranie and the mache, in which activity, X and y 
rays could be or were in fact quantified. This provides a rare 
insight into the preoccupations and habits of thought of the 
early practitioners. There are some 30 pages of pictorial 


of the examination seldom matches that of a normal DCBE. 

When colitis is known to be present the information re- 
quired from a barium enema is mainly the extent and 
severity of the colitis. Bowel preparation might be harmful in 
the presence of a colitis and would certainly be uncomfort- 
able. To demonstrate minor changes the bowel must be 
examined in double contrast. The instant enema does not 
require bowel preparation and is a double contrast enema 
that works well when ulcerative colitis is diffuse and con- 
tinuous, but not so well in Crohn's disease when the colitis 
is discontinuous. It is contra-indicated in toxic megacolon 
and perforation. Plain films are invaluable in assessing an 
acute attack of colitis. The presence of gas in the bowel will 
show if the mucosa is ulcerated or not. Gas may be absent, in 
which case it can be added by air insufflation. The “air 
enema" may be used in an acute attack of colitis when the 
absence of gas on the plain film means that the mucosal 
state cannot be assessed.. 

Water-soluble contrast media have two advantages-—low 
viscosity and relative safety if they enter the peritoneal 
cavity. Contrast medium may be diluted with three parts of 
water. It will still be of sufficient radiographic density but is 
cheaper and less hypertonic, which is the main hazard (1:5 
dilution of gastrografin is isotonic). A water-soluble con- 
trast enema 1s used where there is a suspected perforation, 
fistula, or in megacolon and Hirschsprung's disease to out- 
line the unprepared bowel. 

There are a number of ways to examine the large bowel. 
When requested to do so, the radiologist must consider the 
patient's clinical condition and what sort of information is 
required before selecting the appropriate type of enema. 


history with informative and entertaining annotations. A 
postscript briefly brings us up to date in the subject, but is 
rather preoccupied with therapeutic developments, and the 
radiologists will have to forgive the omission of a mention of 
computed tomography, even though it can hardly be neglec- 
ted as a major contribution to the application of X rays in 
medicine. Apart from a comprehensive and illustrated index, 
the book closes with some 15 pages of advertisements culled 
from the publications of the period. These provide another 
unusual opportunity to obtain a glimpse of those aspects 
which were considered to be of value and importance in the 
early years. 

The book is intended for "experts" in the field of radiation 
applied to medicine, as well as those with an interest in 
history. Certainly, few non-specialists will know what is 
meant by such details as the points A and B in the Man- 
chester dosage system, but there is so much else that they 
can readily appreciate that the book is likely to be enjoyed 
by a far wider audience than the author intended. Well- 
thumbed copies may be expected to find their way into the 
more sophisticated medical waiting rooms, and into school 
science departments where they might well help to bring 
alive that small part of the “A” level syllabus. For experts 
such as doctors, physicists, radiographers and scientific 
historians, the bibliography and illustrations will provide a 
notable source of reference. The BJR reader in particular is 
recommended not to miss the opportunity of obtaining à 
copy while they are available. 

M. F. COTTRALL. 
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Ralston Paterson 


Emeritus Professor J. Ralston K. Paterson, C.B.E., M.C., 
M.D., F.R.C.S(Ed), Hon. F.R.C.R. (or R.P. as he was 
known to his colleagues and as he would wish to be known) 
died on August 31, 1981, at his farm near Moffat, at the age 
of 84. Born in Edinburgh, a “‘son of the manse”, he gained 
the M.C. in the first world war before graduating, with 
honours, at the Edinburgh Medical School. He gained 
medical and radiological experience in South Africa, the 
Mayo Clinic and the Edinburgh Royal Infirmary (where he 
was acting director of the Radiology Department) before 
becoming, in 1931, Director of the Holt Radium Institute, a 
post which he held, under various titles and with great dis- 
tinction until his retirement in 1962 when he became an 
equally successful farmer. 

Within five years he had raised a locally respected institute 
to be in the view of many, the world’s leading radiotherapy 
centre. At the same time he was an acknowledged leader of a 
small group of British radiologists changing radiotherapy 
from a mainly palliative procedure into a major curative 
agent in the treatment of cancer. 

To many, R.P.'s name will be immediately associated 
with the widely adopted Radium Dosage System of which he 
was joint author with his physicist colleague, H. M. Parker. 
In fact, this was but one of the many important contribu- 
tions to radiotherapy which he made or inspired others to 
make. Alive to the vital importance of accurate radiation 
dosimetry he nurtured the infant medical physics and 
greatly encouraged and aided its development. Believing 
that, in their response to ionizing radiations, patients were 
more alike than different, he argued that success for radio- 
therapy required the establishment of optimum dosage 
levels from observation of the results of large numbers of 
cases comparably treated to known dosage levels. ‘To this 
end he pioneered the centralized radiotherapy department 
with peripheral diagnostic and “follow up" clinics. In ad- 
dition to the radium system he developed (with J. L. Dobbie) 
what was then called “small field, beam-directed" X-ray 
therapy and he enlarged the roles of the medical records and 
medical statistics departments. Always he tried to make his 
methods quantitative and well defined so that they could be 
carried out anywhere and were not (as had often been the 
case) dependent upon the unique (and often non-transfer- 
able) experience of a particular individual. In this way his 
effect on the advance of radiotherapy was enormous. 

Realizing the importance of research, he not only en- 
couraged it among his clinical colleagues, but, early in his 
directorship, set up two fundamental research groups 
which, under Edith Paterson and Walter Dale, not only 
made important contributions to radiobiology, but were the 
sure foundation upon which the Paterson Research Labora- 
tories were built. Later he pioneered clinical randomized 
trials for the better evaluation of alternative techniques and, 
realizing the importance of public education about cancer, 
developed (with John Wakefield) a wide ranging regional 
education scheme with an associated small research group to 
assess its efficacy and advance its techniques. Outside his in- 
stitute he played a leading part in the separation (to the ulti- 
mate benefit of both parts) of radiology into its two major 
components of diagnostic radiology and radiotherapy and in 
ensuring their continued close association as equal members 
of the Faculty of Radiologists of which he was an architect, 
founder member and first radiotherapist president. 

International fame and honours soon came his way. In 
1943 he was invited by the Australian government to advise 
it on radiotherapy organization; in 1949 he was awarded the 
C.B.E. and the next year he was the first (and is still the 
only) radiotherapist to be President of the International 
Congress of Radiology. First professor of radiotherapy in 





the University of Manchester, memorial lecturer, gold 
medallist; honorary memberships—he received them all 
with satisfaction, pleasure and with a simple acceptance that 
he deserved them! He knew his worth, accepted its respon- 
sibility and had not the slightest conceit. He was a great man 
and he was a big man: big of physical frame, of intellect, of 
energy and of heart and magnaminity. 

R.P.'s interests were relatively limited because his work 
at the time was his consuming passion—radiotherapy in 
Manchester, farming when he moved to Dumfriesshire. 
This passion for his work coupled with his energy and his 
preparing every case in the greatest detail (“‘doing his 
homework” he called it) made him a formidable and often 
irresistable opponent in argument or negotiation. In his early 
days especially he was like some powerful rugby forward 
who, getting the ball on “the 22”, heads unstoppably for the 
line brushing off tackles as he goes. The success he thus 
secured did not endear him to the local medical *'establish- 
ment” determined to keep radiotherapy and radiotherapists 
in their "proper" (f.e. subsidiary) place. But he scored his 
points and radiotherapy and mankind were the winners. 

He was a great organizer and an inspiring leader with a 
flair for picking the best people from among the large num- 
bers who sought posts on his staff or training under him. A 
recent count (from memory) showed that over 60 of his 
trainees hold, or have held, directorships of important 
radiotherapy departments in this or in 16 other countries 
across the world. A further factor in his success was his 
ability to see the essentials amid the welter of information 
and to crvstallize diffuse discussion into a working policy. 
Generally his judgements were sound but he was never 
afraid to admit an error and, with a curt “‘cut your losses”, 
would set about the establishment of a better policy. 

Detractors of the "Manchester" methods alleged that 
they constituted an impersonal “sausage machine". Nothing 
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could be further from the truth. For all his dedication to the 
scientific approach, R.P.’s first thoughts were always for the 
patient as an individual to be treated with the utmost cour- 
tesy and consideration and one whose anxieties and need for 
reassurance were fully understood. He insisted that clinics 
should run to schedule and that where waiting was un- 
avoidable the reason should be explained. Long before such 
amenities were a feature of Out Patients’ Departments, R.P. 
invited a group of local ladies to serve cups of tea to waiting 
patients suggesting that they should wear pretty frocks, 
rather than uniform overalls, “to bring a little brightness 
and comfort" to anxious, often frightened people. Nearly 50 
years later that service continues, a small memorial to a 
caring man. 


As we have said, R.P. was a master at choosing the best 
people and he never chose more wisely nor more fortunately 
than when he married Edith Irvine Jones who had gradu- 
ated with him in 1923. For E.P. (as she is affectionately 
known) was not only a wonderful wife and mother but was 
his scientific guide, encourager and prop and, in the last 
months, his devoted nurse and comforter. To her, to their 
daughter and two sons and to their grandchildren who were 
such a joy to him goes our deepest sympathy in the loss of a 
dear and fine husband and father. Those of us who have 
been privileged to work with him and to know him have lost 
an inspiring leader and a good friend. Mankind has lost one 
who served it better than most will every know. We are 
richer for his having lived and poorer for his passing. 

W. J. MEREDITH. 





Book review 


Dictionary of Medical Ethics. Ed. by A. S. Duncan, G. R. 
Dunstan and R. B. Welbourn, pp. 459, 2nd edit., 1981 
(Darton, Longman and Fodd, London), £12-50. 

ISBN 0-232-51492-5 

The first edition of the Dictionary of Medical Ethics was 
published in 1977 and it rapidly became the authoritative 
text on the subject. Within four years its initial and sus- 
tained success demanded a second edition. There has been 
revision of the text and new entries which have made the 
volume more definitive. Two essays at the beginning of the 
volume have been an important addition to this new edition. 
The first is on the scientific basis of medical practice. It is 
emphasized that as medical science provides most of the 
framework of modern medicine, doctors must be thoroughly 
grounded in it if, as they are morally obliged to do, they are 
to serve their patients to the best of their ability. People are 
entitled to know the possibilities and limitations of medical 
practice and any discussion of medical ethics must start with 
a full knowledge of the scientific aspects of the matter under 
discussion. 

The second essay is on medical ethics, by which is meant 
the obligations of a moral nature which govern the practice 
of medicine and the relationship between practitioner and 
patient or volunteer. The purpose of medical ethics is to 
create and maintain trust between practitioner and patient, 
between practitioner and practitioner and the trust of 
society as a whole in the profession corporately. It is im- 
portant that the profession develops its ethics to accom- 
modate new demands and circumstances, passes on its ethics 
to the next generation of practitioners, helps and sustains its 
members in the practice of medicine and disciplines them 
when by non-ethical conduct they deny their patients the 
standard of service they may properly expect. Historically 
the spread of Western medicine carried with it ethical values 
as well as science and skills and these essentially human 


values were readily absorbed into the medical ethics of other 
cultures. It was then possible to draw up declarations on 
various aspects of medical practice which could be accepted 
the world over. They are all loosely derived from the 
“Hippocratic oath". Various bodies such as the Royal Col- 
leges have also issued Codes of Practice for the guidance of 
their members. These Declarations and Codes are given in 
the text of this dictionary. 

There are 148 contributors to this dictionary, the large 
majority of which are doctors, one being a diagnostic radi- 
ologist. There are also clergy, nurses, lawyers, journalists, 
pharmacologists, etc., but no radiotherapist. Each entry in 
the text is clear and precise with the name of the contributor 
appended. Most entries have a useful bibliography. 'The 
first entry is Abortion and the last the World Health Organiz- 
ation. The comprehensive list of subjects in between include 
such topics as African Medicine, Amniocentesis, Human 
Experimentation, Artificial Insemination, Clinical "Trials, 
Confidentiality, Consent, Death, Human Rights, Research 
Ethical Committees, Screening, Telling the Truth, etc. 
There 1s relatively little relating to ionizing radiation and 
there is no discussion of the implications to medical practice 
and research of the recent introduction of a licensing system 
by the Administration of Radioactive Substances Advisory 
Committee. As the text is presented in dictionary form, it is 
sometimes difficult to find the required information. For in- 
stance there is no direct entry for "Volunteers" used in re- 
search projects; the entry comes under “Human Experi- 
ment—Dependent Subjects." 

This dictionary is a valuable contribution to the field of 
medical ethics. It should find a place in the library of radio- 
diagnostic and radiotherapy departments where it would be 
hoped it would be consulted frequently. 

F. G. M. Ross. 
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Forthcoming events and notices 


Meeting announcements by organizations other than The British Institute of Radiology and its associated 

bodies are accepted for a charge of £1-50 per line per edition. Copy deadline for inclusion in this section is 
the 20th of the penultimate month preceding publication (/.e. April 20, for June edition). 

Requests should be addressed to Mrs. L. F. Secretan, Managing Editor, The British Journal of Radiology, 


36 Portland Place, London W1N 3DG. 


Burrows AND LEEDS "NEURORADIOLOGY" 

The publishers have had to withdraw this book from 
circulation because of production defects. Copies are being 
recalled from bookshops. If you have bought a copy of 
Neuroradiology, please return it to the bookseller. The book 
is being reprinted and will be available in the near future, 

Churchill Livingstone, Robert Stevenson House, 
Baxter's Place, Leith Walk, Edinburgh EHI 3AF, UK. 
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FELLOWSHIPS AND GRANTS FOR CANCER RESEARCH 

The International Union against Cancer invites appli- 
cations. for Yamagiwa-Yoshida Memorial International 
Cancer Study grants (deadline December 31) and Inter- 
national Cancer Research Technology Transfer Programme 
Grants. Details and application forms from: UICC, rue du 
Conseil-General 3, 1205 Geneva, Switzerland. 

The International Agency for Research on Cancer (World 
Health Organization) invites applications for training 
fellowships in 1982/3 from junior scientists wishing to be 
trained in the fields of epidemiology, biostatistics and 
environmental carcinogenesis (both chemical and viral). 
Details and application forms from: The Head of the 
Research Training and Liaison Programme, 150 cours 
Albert-Thomas, 69372 Lyon Cedex 02, France. Deadline 
January 31 1982. 


British MEDICAL ULTRASOUND SOCIETY 
The 1981 Annual Meeting will be held on December 
14-15 at the University of London Union, Malet Street, 
London WC1. 


QUANTITIES AND UNITS FOR USE IN RADIATION PROTECTION 

Scientific meeting and exhibition, National Physical 
Laboratory, Teddington, Middlesex, Tuesday, January 26, 
1982. Organized by the Society for Radiological Protection. 
Enquiries: Prof. J. H. Martin, Dept. of Medical Biophysics, 
Blackness Laboratory, University of Dundee, Dundee 
DDI 4HN. 


RADIOPHARMACEUTICALS AND RADIOPHARMACOLOGY 

Under the auspices of the European Joint Committee on 
Radiopharmaceuticals of the European Nuclear Medical 
Society and the Society of Nuclear Medicine Europe a 
course on radiopharmaceuticals and radiopharmacology will 
be held in Berlin, DDR from January 27 to 31, 1982. 

This course is designed for medical graduates and 
graduates in the biological sciences who are concerned with 
in vive nuclear medical procedures. The course would also 
be suitable for pharmacists, chemists and other paramedical 
personnel who are training for work in this field. 

Further details can be obtained from the course organizer: 
Dr. Harald Deckart, Chefarzt der Nuklearmedizinische 
Klinik und Poliklinik, Wiltbergstrasse 50, 1115 Berlin-Buch. 


‘THE MAYNEORD SYMPOSIUM 
Friday February 19, 1982 at 10.30. This meeting is being 
organized by the BIR Council in honour of the 80th birth- 
dav of Professor W. V. Mayneord, C.B.E., F.R.S. at the 
Royal Society, 6 Carlton House Terrace, London SW1. The 
theme for the meeting will be ““The future in radiology” 
reviewed by a number of distinguished speakers including: 


Dr. T. A. Connors (MRC Toxicology Unit), Sir Frederick 
Dainton, F.R.S., Professor J. F. Fowler, Dr. R. H. Clarke 
(NRPB), Professor G. H. du Boulay, Professor R. J. Berry, 
Professor G. L. Brownell (Massachusetts General Hospital), 
Dr. P. N. T. Wells, Professor I. Isherwood, Dr. M. J. Day, 
Professor B. 5. Worthington, Mr. G. Thomson (National 
Gallery). 


BIR RapioBrioLOGY MEETINGS 

Future meetings in the Institute wifl comprise a general 
meeting on February 26, 1982 and "Late damage to normal 
tissues after radiotherapeutic doses” on May 21, 1982. Titles 
of proffered papers for the February meeting should be sent 
to Dr. J. H. Hendry, Paterson Laboratories, Christie 
Hospital and Holt Radium Institute, Manchester M20 9BX, 
by December 9, 1981, and for the May meeting preferably 
by January 22, 1982. 


THe CLINICAL VALUE OF MAMMOGRAPHY 
Cambridge, February 26, 1982. This meeting will be of 
interest to radiologists, surgeons and other clinicians dealing 
with breast disease. For further information please write to: 
Dr. A. H. Freeman, Department of Radiology, Adden- 
brooke's Hospital, Hills Road, Cambridge CB2 2QQ. 


THe NATURAL RADIATION ENVIRONMENT 
Tuesday, March 30, 1982, at the Central Electricity 
Generating Board, Sudbury House, 15 Newgate Street, 
London EC}. Organized by the Society for Radiological 
Protection. Enquiries: Prof. J. H. Martin, Dept. of Medical 
Biophysics, Blackness Laboratory, University of Dundee, 
Dundee DD1 4HN. 


BRITISH NUCLEAR MEDICINE SOCIETY 
ANNUAL SCIENTIFIC MEETING 
April 19-21, 1982, at Imperial College, London SW7. 
Closing date for abstracts: February 1, 1982. Forms can be 
obtained from the Conference Secretary, 22 Leinster 
Avenue, East Sheen, London SW14 7]P. 


EUROPEAN SOCIETY OF PEDIATRIC RADIOLOGY 
19TH CONGRESS, PRAGUE, APRIL 22-24, 1982 
Organized by the European Society of Pediatric Radi- 
ology, Czechoslovak Medical Society J. E. Purkyně, 
Czechoslovak Radiologic Society and the Czechoslovak 
Pediatric Society. Deadline for applications and abstracts: 
December 30, 1981. Information: Czechoslovak Medical 
Society’ J. E. Purkyně, 19th Congress of the European 
Society of Pediatric Radiology, Vítězného února 31, 120 26 
Praha 2, Czechoslovakia, 


SOCIETY FOR RADIOLOGICAL PROTECTION 
THIRD INTERNATIONAL SYMPOSIUM—INVERNESS 1981 

June 6-11, 1982. Main topics: radiation and risks; radio- 
biology and epidemiology ; instrumentation and equipment; 
design of facilities; radioactivity in the environment; 
education and public information; legal and regulatory as- 
pects; accident management; non-ionizing radiation; 
medical techniques. Brochure from Symposium Organizer, 
SRP International Symposium, c/o NRPB Harwell, Didcot, 
Oxon OX? 1 ORQ. 
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3np WORLD FEDERATION MEETING FOR ULTRASOUND 
IN MEDICINE AND BroLocy: Juty 26-30, 1982 

This will be held at the Metropole Conference Centre, 
Brighton, England; and will incorporate the 5th World 
Congress of Ultrasound in Medicine and Biology. 

Over 2000 delegates are expected; many participants will 
also have an interest in radionuclide imaging, X rays and 
other investigative procedures. A large trade exhibition is 
being arranged as an integral part of the conference: bro- 
chure now available. Further details from: WFUMB-82 
Conference Office, 4L, Portman Mansions, Chiltern Street, 
London W1M 1LF (phone 01-486 6582). 


3ap WORLD CONGRESS OF NUCLEAR MEDICINE AND BIOLOGY 

Paris, August 29-September 2, 1982. Main topics: 
radiopharmaceuticals; radio-immunoassay; clinical appli- 
cations; instrumentation; nuclear and non-nuclear investi- 
gations; radiobiology, health physics, dosimetry; economics 
and management. Deadline for abstracts: December 1, 1981. 
Information: World Federation of Nuclear Medicine and 


Biology, B.P.28, F-91403 Orsay, France. 


WORLD CONGRESS ON MEDICAL PHYSICS AND BIOMEDICAL 
ENGINEERING 1982 

13th International Conference on Medical and Biological 
Engineering; 6th International Conference on Medical 
Physics, September 5-11, 1982, Hamburg, Federal Republic 
of Germany. Presidents: Prof. W. Bleifeld (Hamburg) and 
Prof. D. Harder (Göttingen). Correspondence: Hamburg 
Messe, Congress Organization, D-2000 Hamburg 36, 
Germany. P.O. Box 30 23 60. 


"THE NEUTRON AND ITS APPLICATIONS 

The Institute of Physics, in collaboration with AERE 
Harwell, is organizing an international conference in Cam- 
bridge, September 13-17, 1982, to mark the 50th anniversary 
of the discovery of the neutron. 

The conference aims to cover all aspects of neutron 
science. Plenary lectures will include G. Allen on The con- 
tribution of neutron scattering to the understanding of 
macromolecules, J. F. Fowler on neutrons in medicine, A. 
M. Lane on nuclear reactions caused by neutrons, C. 
Llewellyn-Smith on the structure of the neutron, A. R. 
Mackintosh on the contribution of neutron scattering to the 
understanding of magnetism, N. F. Ramsay on particle 


properties of the neutron, and C, G. Schull on wave proper- 
ties of the neutron. The conference will include a com- 
memorative session and a public session devoted to issues of 
general concern. There will be exhibitions of scientific 
equipment, and of historical interest. 

Further information from the Meetings Officer, The In- 
stitute of Physics, 47 Belgrave Square, London SWIX 8QX. 


SYMPOSIUM MAMMOGRAPHICUM 1982 
{organized in co-operation with The British Institute of 
Radiology) 

To be held on September 24-25, 1982 (1) days) at 
University College, London. There will be mainly invited 
but some proffered papers on: (1) Various aspects of breast 
screening. (2) Equipment and technique of mammography. 
(3) Clinical, pathological and radiological features of benign 
breast disease. (4) Assessment of metastatic breast cancer and 
response to treatment. Scientific and technical exhibitions 
will be held. 

Further information and registration forms are available 
from the General Secretary, The British Institute of Radi- 
ology, 36 Portland Place, London WIN 3DG. Offers of 
proffered papers and scientific exhibits should be addressed 
to Dr. C. A. Parsons, X-ray Department, Royal Marsden 
Hospital, Fulham Road, London SW3 6]]J. 


STH SOUTH AFRICAN 
INTERNATIONAL RADIOLOGICAL CONGRESS 

The 5th South African International Radiological 
Congress, together with a Scientific and Technical Exhi- 
bition, will be held in Johannesburg at the Carlton Hotel 
from October 8 to 15, 1982. The theme is “Imageology”, 
and many of the most eminent international radiologists 
have been invited to participate. Honorarium lectures from 
overseas participants, if accepted, will be paid $250 per 
lecture. Further information: Dr. P. Reichman, Congress 
Director, PO Box 2251, Johannesburg 2000, Republic of 
South Africa. 


7TH INTERNATIONAL CONGRESS OF RADIATION RESEARCH 

Will be held at the International Congress Centre RAI, 
Amsterdam, ‘The Netherlands, July 3-8, 1983. Information: 
Dr. J. J. Broerse (Secretary-general of the 7th ICRR), 
Radiobiological Institute TNO, PO Box 5815, 2280 HV 
Rijswijk, The Netherlands. 
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